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Preface 


Having united our experience gained from instruction in higher and 
secondary schools, we have written a book for students of pharma- 
ceutical schools that attempts to combine theory and laboratory 
applications. This has been done for the first time and substantially 
distinguishes the present textbook from those issued previously on 
the subject. 

The latest achievements in pharmacology and related disciplines 
resulted in the appearance of a multitude of new drugs and medicinal 
preparations and the development of more improved methods for 
their analysis. 

The first part of the book acquaints students with modern physi- 
cochemical methods of analysis, a general idea of which is needed 
for their future work. The other three parts are devoted to a descrip- 
tion and the analysis of inorganic and organic drugs and selected 
gtoups of biologically active natural compounds (alkaloids, vitamins, 
antibiotics). 

Each chapter ends with review questions intended to help students 
ascertain how thoroughly they have understood and mastered the 
material. The instructor can also use these questions for testing 
the students. 

Most chapters are followed by laboratory experiments with a de- 
tailed description of procedures. The chemical substantiation of the 
reactions, the observations, and conclusions are the students’ respon- 
sibility. The practical lessons help students gain laboratory skill. 
Moreover, they contain elements of the problem solving research 
method. The chapters “Aromatic Acids and Their Derivatives” 
(Chap. 20), “Phenol Acids and Their Derivatives” (Chap. 21), and 
“Glycides and Their Derivatives” (Chap. 29) use this method. Students 
should analyse the same substance by different methods and establish 
the advantages of one over another. But the recommended experi- 
ments are not proposed dogmatically; they can be replaced by the 
pharmacopoeial analysis of substances, or the analysis of one drug or 
medicinal form can be replaced by another depending on the labora- 
tory facilities available. More often, experiments with identification 
reactions and quantitative analysis are suggested because they 
require quick thinking and vary in the procedure followed. Experi- 
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ments involving the determination of drug purity are proposed less 
frequently because in a pharmacy only identification reactions and 
quantitative analysis are performed. 

Students are invited to analyse a number of substances in accor- 
dance with the pharmacopoeia and other official sources used in their 
country. 

The appendices contain brief information on a number of frequent- 
ly encountered drugs (including new ones), the analysis of several 
medicinal forms indicated in rather complex prescriptions often 
issued by physicians, and refractometric tables used in refracto- 
metric analysis. 

We wish to express our gratitude to all our colleagues for their 
helpful suggestions. 


Galina Melentyeva 
Lidiya Antonova 
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Introduction 


PHARMACEUTICAL CHEMISTRY 
AND ITS RELATION TO OTHER SCIENCES 


Pharmaceutical chemistry is a science that makes use of the general 
laws of chemistry to study drugs, i.e. their preparation, chemical 
nature, composition, structure, influence on an organism and studies 
the physical and chemical properties of drugs, the methods of quality 
control, and the conditions of their storage. 

Pharmaceutical chemistry occupies the most important place 
among the related sciences (e.g. drug technology, toxicological chem- 
istry, pharmacognosy, the economy and organization of the pharmacy). 

At the same time, pharmaceutical chemistry, being a specialized 
science, depends on other chemical (inorganic, organic, analytical, 
physical, and colloid chemistry) and also on medico-biological 
(pharmacology, physiology, biological chemistry) disciplines. 

A knowledge of the biological disciplines is needed to understand 
the complex physiological processes based on chemical and physical 
reactions that occur in an organism. This makes it possible to use 
drugs more rationally, observe their action on an organism, and 
control the molecular structure of the drugs being developed to 
obtain the desired pharmacological effect. The results of pharmaco- 
logical tests of drugs determine the possibility of using them in 
medical practice. 

The action of a drug is determined not only by its chemical struc- 
ture, but also by its physicochemica) properties. This is why pharma- 
ceutical chemistry is closely related to physical and colloid chemistry. 
Without a knowledge of organic and analytical chemistry, it is 
impossible to study the molecular structure of a drug and to develop 
methods for its synthesis and analysis. Questions about the compat- 
ibility of drugs in a prescription, the production methods, the 
expiration dates, and the conditions for the storage and dispensing of 
drugs relate pharmaceutical chemistry to the technology of drugs and 
to the economics and organization of the pharmacy. But the problems 
concerned with the compatibility of drugs and the conditions for 
their storage can be solved only by a specialist well acquainted with 
pharmaceutical chemistry. 
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At its present stage, pharmaceutical chemistry is closely related 
to physics and mathematics. The physicochemical methods of analy- 
sis of drugs and calculations in pharmaceutical analysis are based 
on the general laws of these sciences. 


A BRIEF HISTORICAL OUTLINE 


The appearance of pharmaceutical chemistry as a science relates 
to the beginning of the 16th century, when alchemy* gave way to 
iatrochemistry (medical chemistry) whose founder was Theophrastus 
Paracelsus (1493-1541). “Chemistry must serve the protection of 
health instead of procuring gold,” Paracelsus proclaimed. 

The basis of Paracelsus’ teachings was the explanation of vital 
processes from the viewpoint of chemical transformations. During 
this period, chemical preparations were widely used as drugs along 
with drugs of a plant origin. 

Paracelsus was the first to introduce the concept of the active 
principle as a chemical substance. Compounds of various metals 
such as mercury, lead, copper, iron, ant mony, and arsenic were 
employed for medical purposes. Pharmacies of that period were like 
scientific research laboratories where the healing effect of both chem- 
ical and plant-derived medicinal agents was tested. This was the 
origin of pharmaceutical analysis. The period of iatrochemistry can 
be considered as the period of the appearance of pharmaceutical 
chemistry. 

The period of iatrochemistry in the second half of the 17th century 
gave way to a new trend in pharmaceutical chemistry, in which the 
leading place was occupied by the phlogiston theory (Gk phlogistos 
inflammable). J. Becher (1635-1682) and G. Stahl (1660-1734), 
supporters of this theory, attempted to explain the phenomena of 
combustion and oxidation as the decomposition of the body during 
which phlogiston (phlogiston in Stahl’s opinion was the general 
“principle” which all bodies contain) separates and the other consti- 
tuent part of the body remains. Hence, according to the phlogiston 
theory, only complex bodies could burn. This theory was refuted by 
the great Russian scientist M. Lomonosov (1711-1765), who proved 
that the leading role in the processes of combustion and oxidation 
is played by the oxygen of the air, and that combustion is not a decom- 


* Alchemy was a prescientific trend in the development of chemistry. It 
first took shape in Egypt (3rd-4th centuries A.D.) and developed widely 
in Western Europe (9th-16th centuries). The main purpose of alchemy was to 
find the “philosophers’ stone” used for transforming base metals into gold and 
silver, for preparing the elixir of longevity, etc. This period saw the discovery 
or improvement of ways of producing some valuable products (mineral and plant- 
derived paints, enamels, glass, metallic alloys, acids, alkalies, salts, drugs), 
and also he development of some laboratory techniques (distillation, sublima- 
tion, etc.). 
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position reaction with the evolu- 
tion of phlogiston, but, conversely, 
a combination reaction during which 
the burning substance combines 
with the oxygen of the air. 

The remarkable discoveries of 
this period are associated with the 
names of pharmacists. Thus, the 
Swedish pharmacist K. Scheele 
(1742-1786) produced tartaric acid 
from tartar and discovered the 
organic citric, malic, oxalic, lac- 
tic, gallic, and uric acids. He also 
discovered glycerin, chlorine, man- 
ganese, and hydrocyanic acid. 
Scheele was the first to produce 
oxygen. 

The second half of the 18th cen- eco y eT aaa 
tury is characterized by substantial 
development and achievements in organic chemistry. The pharmacists 
of this period made a number of important discoveries that played 
a major role in the further development of pharmaceutical chemistry. 
For example, L. Vauquelin (1763-1829), the first head of the phar- 
maceutical school in Paris, discovered the elements chromium, 
beryllium, palladium, and osmium. 

The pharmacist B. Cortois (1777-1838) isolated mineral salts 
from seaweed ashes and discovered iodine. The French pharmacist 
A. Seguin (1767-1835) was the first to derive morphine (crude) from 
opium (1807), while later the pharmacist F. Serturner (1783-1841) 
isolated morphine in the crystalline form, determined its basic 
properties and its ability to form salts with acids. 

The French pharmacists P. Pelletier (1788-1842) and J. Caventou 
(1795-1877) separated quinine, strychnine, brucine, and other alka- 
loids from natural plant sources. 

The German pharmacist K. Mohr (1806-1879) made significant 
contributions to the volumetric analysis of drugs. He was the first to 
use burettes and pipettes in analysis, and invented the balance 
bearing his name. 

Thus, pharmacies played a major role in the birth and develop- 
ment of pharmaceutical chemistry. 

In Russia, pharmacies appeared much later, but their role was 
the same. They performed the function of chemical laboratories 
where pharmacists worked side by side with alchemists, who were 
called pharmacy chemists and produced and analysed chemical 
preparations. 
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a, The first Russian alchemist 
per ee T. Ananyin was engaged in the pro- 
| iy duction of pharmaceutical prepara- 
tions, using both foreign books 
and Russian “herb books”. 

By the middle of the 18th cen- 
tury, chemistry in Russia had be- 
come quite developed. Its develop- 
ment is associated with the name 
of the outstanding scientist M. Lo- 
monosov who made a large contri- 

NAS. bution to medicine, chemistry, and 

CN A” pharmacy and who is rightfully 
rth «lt called the Russian scientist-encyc- 
lopedist. He initiated quantitative 
analysis in analytical chemistry, 
developed physical chemistry, 
indicated the significance of math- 
ematics and physics in chemical 
research, discovered the law of 
mass conservation, advanced the 
kinetic theory of heat, and so on. In his work “Slovo o pol’ze khimii” 
(Some Words on the Usefulness of Chemistry), Lomonosov pointed 
out the leading role of chemistry in the development of medicine 
and pharmacy. He founded the first scientific chemical laboratory 
in Russia (1748) in which he performed experiments and trained 
students in experimental chemistry. 

T. Lowits and V. Severgin were worthy successors of Lomonosov. 
They continued his work and made many new discoveries. 

Academician T. Lowits (1757-1804) discovered the adsorptivity 
of charcoal and proposed employing it for the purification of 
alcohol, and then of water. He was the first to obtain glacial 
acetic acid and to apply the microcrystalloscopic method of analysis 
in practice. Academician V. Severgin (1765-1826) devoted much 
time to developing procedures for the qualitative and quantitative 
analysis of drugs. He was the first to publish in Russian a book on 
pharmaceutical analysis entitled A Way of Testing the Purity and 
Authenticity of Chemical Medicinal Preparations. This was the first 
guide to pharmaceutical chemistry in Russia. He also published 
a number of other works that played a major role in the further 
development of pharmaceutical analysis. 

An outstanding figure in Russian pharmacy was Professor A. lov- 
sky (1796-1857) who contributed greatly to the developmet of chem- 
ical and pharmaceutical theory and practice. One of his numerous 
works, Chemical Equations with a Description of Various Ways of 
Determining the Content of Chemical Substances (in Russian), laid 
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M. Lomonosov (1711-1765) 
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T. Lowits (1757-1804) V. Severgin (1765-1826) 


the scientific foundation for the development of the quantitative 
analysis of pharmaceutical preparations. 

An important contribution to scientific and practical pharmacy 
was made by the eminent Russian scientist and public figure A. Ne- 
lyubin (1785-1858). He obtained a large number of drugs, developed 
new and improved the existing methods of preparing them. His work 
Pharmacography (in Russian) in four volumes was the first Russian 
encyclopedic guide to medicinal drugs. It described all the medicinal 
preparations known at that time. One of his students, Yu. Trapp, 
wrote the book Pharmaceutical Chemistry (in Russian, 18859). 

An important feature of modern pharmaceutical chemistry is the 
introduction of more refined and sensitive methods of physicochemi- 
cal analysis such as photometry and chromatography that enable 
one to assay the quality of drugs more accurately and with the 
smallest consumption of the analyte, reagents, and time. 

In recent years, a new trend has appeared, namely, biopharmaceu- 
tical analysis, i.e. the determination of drugs and their metabolites 
inthe biological substrates of an organism. 

The basic trends in pharmaceutical analysis at present are the 
further improvement of physicochemical methods of analysis of 
pharmaceutical preparations and their widespread practical appli- 
cation in the relevant establishments (pharmacies, analytical and 
control laboratories), the development of simple methods for ana- 
lysing complex medicinal mixtures in pharmacies, the development 
and improvement of the analysis of new drugs, especially of the 
group of complex natural substances with strong biological action 
(cardiac glycosides, hormones, vitamins, antibiotics), studying the 
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conditions of storage of chemico-pharmaceutical preparations, drugs, 
and galenicals in various climatic zones, studying the effect of 
high-polymer compounds (packing material) on the action of drugs, 
and the further development and improvement of biopharmaceutical 
analysis. 


RAW MATERIALS FOR DRUGS 


All drugs in their nature are divided into inorganic or organic. 
Both can be prepared from natural sources or artificially, i.e. synthe- 
tically. Various minerals and ores, gases, the water of lakes and 
seas, etc. are the raw materials used in the production of inorganic 
drugs. Some of them are produced from the residues of other pro- 
duction processes. 

The raw material base of the USSR is sufficient to completely 
meet the demands of the chemico-pharmaceutical industry. 

Organic drugs are chiefly produced from petroleum, natural gas, 
coal, and wood. 

Petroleum can be processed to yield substances employed in 
medicine such as petroleum jelly (vaseline), liquid paraffin (vase- 
line oil), paraffin, aromatic hydrocarbons, and their derivatives. 

In the dry distillation of coal, one of the fractions is coal tar, 
which is a source for the production of mainly phenols and their 
derivatives. Phenol, which is an antiseptic itself, can be processed to 
yield benzene, toluene, and naphthalene. These are the initial 
substances for the synthesis of many drugs. 

Methanol, acetic acid, etc. are produced from the pyroligneous 
liquor obtained in the dry distillation of wood. 

Combustible shale, which is rich in sulphur, is a valuable natu- 
ral medicinal raw material. The products of the dry distillation of 
shale go to produce ichthammol, and also many drugs that are 
derivatives of the heterocyclic series. 

Raw material of a plant and animal origin is a very valuable 
source for the production of many drugs. 

Raw material of an animal origin includes the organs of healthy 
animals (tissues, glands). For example, thyroidin is produced 
from the thyroid gland, adrenaline (epinephrine), from the adrenal 
medulla of the adrenal glands, cortisone, from the adrenal cortex 
of the adrenal glands, and so on. 

Numerous and diverse species of plants are a very rich source for 
the production of important drugs, alkaloids, glycosides, vitamins, 
essential] oils, resins, chyle, and fatty oils. In part, these products 
are themselves used in pharmaceutical preparations; for example, 
essential oils (peppermint, rose, lavender and other oils), while 
others, after the appropriate treatment, become medicaments. 
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The present variety of drugs is being supplemented with a new 
group of drugs having a strong biological action, namely, antibiotics, 
whose origin is chiefly microorganisms. 


CLASSIFICATION OF DRUGS 


The enormous number of diverse drugs used in medicine has made 
it necessary to classify them. The following classification systems 
are possible. 

Pharmacological classification—drugs are divided depending on 
their action on an organism (the heart, brain, lymphatic system, 
stomach, intestines, etc). Accordingly, drugs are divided into such 
groups as narcotics, soporifics, analgesics, diuretics, and local 
anaesthetics. 

Chemical classification—drugs are grouped according to their 
chemical structure and properties regardless of their pharmaco- 
logical action. 

Both classifications are not deprived of shortcomings: the phar- 
macological classification quite often groups drugs with a common 
physiological action, but of the most diverse structures. The 
group of cardiac stimulants includes representatives of the hetero- 
cyclic series, both natural (caffeine, strychnine) and synthetic 
[corazol (pentetrazole), cordiamin (nikethamide)], and a representa- 
tive of terpenes (camphor) and cardiac glycosides, which are steroid 
compounds. The chemical classification has a similar shortcoming. 
Here substances similar in structure have absolutely different physi- 
ological actions. Moreover, the chemical structures of newly obtained 
substances, especially complex natural ones, may for some 
time be controversial and unclear, therefore their inclusion in 
a specific structural group can be quite relative, and sometimes 
erroneous. In this connection, a mixed classification system is some- 
times used, where both features are taken into account. Modern 
science and engineering, however, are constantly improving the 
methods of establishing the structure of newly developed drugs. 
This is why greater and greater preference is being given to the 
chemical classification, whose main advantage is that it enables 
the relation between the chemical structure of a drug and its action 
on an organism to be ascertained. 

Drugs are also classified with respect to their action on an organ- 
ism into groups A, B, and C. 

Group A includes poisonous drugs whose improper administration 
may result in a toxic effect. 

Group B includes highly potent drugs whose doses must be careful- 
ly monitored to prevent overdosage. 

Group C includes all other drugs. 


ox 
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PHARMACOPOEIA AND OTHER DOCUMENTS CONTROLLING 
DRUG QUALITY 


Every country has legislation on pharmaceutical preparations that 
sets standards and obligatory quality indices for medicaments, raw 
materials, and preparations employed in the manufacture of drugs. 
These regulations are presented in separate articles—general and 
specific—relating to individual drugs, and are published in the form 
of a book called a pharmacopoeia. 

The USSR State Pharmacopoeia is based on the principles of 
Soviet health protection and on the modern achievements in medi- 
cine and other branches of science. It indicates how drugs are to be 
analysed (assayed). The quality requirements for drugs set forth in 
the Pharmacopoeia are obligatory for all organizations and enter- 
prises in the Soviet Union having to do with the manufacture, 
storage, control, and use of drugs. 

The pharmacopoeia of every country is revised periodically to 
take account of the replacement of obsolete drugs by new ones and 
of changes in the methods of analysing drugs. 

The first pharmacopoeia in Russian was published in 18386. The 
first Soviet Pharmacopoeia was published in 1925 (the 7th edition of 
the State Pharmacopoeia). At present, the 10th edition of the State 
Pharmacopoeia is in force (the 11th edition is being prepared for 
publication). In the 9th and 10th editions of the State Pharmaco- 
poeia, the international chemical nomenclature is used in the Latin 
chemical terminology of drugs in accordance with the International 
Pharmacopoeia (Pharmacopoeia Internationalis). This was necessary 
for the development of international trade in drugs. The chemical 
names of organic drugs used in the USSR are also based on the 
principles of the international chemical nomenclature. 

Constant collaboration between countries in the field of public 
health and drug production necessitated the establishment of com- 
mon, unified requirements for the quality of drugs, and, conse- 
quently, unified methods of analysing them. For this purpose, the 
International Pharmacopoeia was created. It is published under the 
auspices of the World Health Organization and is a collection of 
recommended requirements on drug quality. The International 
Pharmacopoeia is not a legal document for any country, but it 
provides the basis for establishing national requirements on drug 
quality. At present, the 2nd edition of the International Pharmaco- 
poeia (published in 1968) along with the supplement to it (1971) 
are in use. Specialists of many countries, including the USSR, took 
part in preparing the second edition of the International Pharma- 
copoeia. In 1981, the first volume of the 3rd edition of the Inter- 
national Pharmacopoeia was published. It contains general methods 
of analysis. 
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As a result of the constantly expanding collaboration between 
the socialist countries (members of the Council for Mutual Economic 
Aid) in the fields of public health and drug production, it became 
necessary to unify the standards for drug quality and the methods of 
analysing them. For this purpose, the Compendium medicamentorum 
was published in 1970 in both Russian and German. 

In the present book, all references are to the 10th edition of the 
USSR State Pharmacopoeia. Students are invited to compare the 
relevant tests for individual drugs with those of the pharmacopoeia 
used in their country and should keep these differences in mind in 
their future work. 


CAUSES OF POOR DRUG QUALITY. GENERAL REQUIREMENTS 
FOR DRUG PURITY 


Pharmaceutical analysis deals not only with medicaments, but 
also with their precursors, i.e. with the raw material on whose degree 
of purity the quality of the drugs depends. , 

The quality of a drug is determined, after establishing its 
authenticity, by. testing its purity and the quantity of the 
pure substance in the drug. The determination of all these indices 
forms the basis of pharmaceutical analysis, and the results for each 
drug must strictly correspond to the requirements of the State 
Pharmacopoeia. Generally, almost all drugs contain impurities. 
The contamination of drugs by various admixtures may not only 
lower their therapeutic effect, but also cause undesirable side effects. 
Admixtures that can poison an organism are especially dangerous. 

The causes of the appearance of admixtures in drugs can vary, 
and this is a natural occurrence. Contamination can be due to poor 
purification of the initial raw material, and to the presence of by- 
products of synthesis, mechanical impurities (remnants of filtering 
materials such as fabric, filter paper, and asbestos), and residues of 
solvents (alcohol, water, etc.). The material of the apparatus used 
for the production of a drug can also contaminate a drug. Metallic 
apparatuses can be a source of lead (from utensils), iron, copper, 
sometimes zinc, and (the most dangerous) arsenic contamination. 
Admixtures can also appear in drugs when their storage conditions 
are violated. For example, when chloroform for narcosis is stored 
improperly (in the light with the access of air), it becomes oxidized; 
the oxidation products—phosgene and hydrochloric acid—not only 
diminish its narcotic action, but can also result in phosgene poison- 
ing of the patient. 

Some drugs require storage conditions that exclude the slightest 
infiltration of moisture because it can cause hvdrolytic decomposi- 
tion of the drug or the growth of microorganisms. For example, drugs 
having the structure of esters (acetylsalicylic acid, atropine sulphate, 


¥ 
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etc.) can hydrolyze in the presence of moisture. This not only lowers 
the effect of the drug, but may also poison the organism with toxic 
hydrolysis products. But there are also drugs that must contain 
water to exhibit the required action, e.g. magnesium sulphate 
MegsO, (a purgative). 

[t is very important to observe the specific storage conditions for 
drugs containing water of crystallization, especially for those con- 
taining poisonous substances (arsenic, mercury, etc.). Thus, if the 
crystallization water evaporates from the arsenic drug sodium arse- 
nate, Na,HAsO,-7H.,O, while the dose is given with account of 
seven water molecules, with the same dose the patient will receive 
a larger amount of arsenic than is needed and may even be poisoned. 

Many impurities in drugs are non-volatile with a large content 
of inorganic substances (the ash residue). In the majority of cases, 
the ash does not contain harmful admixtures such as heavy metals 
and arsenic (for which tests are recommended when analysing a drug), 
and therefore the State Pharmacopoeia tolerates a definite limit of 
the ash content for each drug. 

When establishing the quality of a drug, account must also be 
taken of the physiological action of the admixtures. Sometimes 
a specific amount of an admixture is tolerated in one drug, but is 
strictly prohibited in «nother. For example, if sodium chloride used 
for the preparation of an isotonic solution contains an admixture of 
potassium salts, it cannot be used in medicine because physiologi- 
cally the potassium ions are antagonists to the sodium ions. There- 
fore, an admixture of potassium salts in sodium chloride is strictly 
prohibited. On the other hand, the same admixture in another prep- 
aration, for example, in calcium chloride, is not dangerous, and hence 
the State Pharmacopoeia allows it in a limited amount. 

The State Pharmacopoeia limits an admixture of magnesium salts 
in calcium salts and vice versa because these two elements are also 
antagonists. 

Thus, in tests for purity, depending on the nature of the substance 
being tested and the harm potentially caused by a specific admixture, 
the State Pharmacopoeia either requires the complete absence of 
admixtures, or indicates a maximum permissible limit of the admix- 
tures in a given drug that will not influence its quality or healing 
effect. 

To determine the tolerated limit of admixtures in a drug, the 
State Pharmacopoeia has introduced what are called reference or 
standard solutions. 

The results of a test reaction for a definite impurity in a drug are 
compared with those of a reaction conducted with the same reagents 
and in the same volume but with a standard solution containing the 
tolerated amount of the admixture. A comparison of the solutions 
being studied (analyte solutions) with the standard one makes it 
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possible to determine the absence or presence of the admixture and 
whether it is contained in a larger or smaller amoutt than that in 
the standard prepared in accordance with the requirements of the 
State Pharmacopoeia. 

When analysing (assaying) drugs, one must take the exact quanti- 
ties of the reagents that are recommended by the pharmacopoeia, 
otherwise the sought admixture may fail to be detected. Pharma- 
copoeial analysis often indicates the time during which a reaction 
must be observed. Only when all the requirements specified in the 
pharmacopoeia to the analysis of drugs are observed can one be 
certain that it has been performed properly. 


|. Methods 
of Investigating Drugs 


The methods of investigating medicinal agents are divided into 
physical, chemical, physicochemical, and biological ones. 

Physicochemical and physical methods are used the most. 

Physical methods of analysis involve the studying of the physical 
properties of a substance. They include determination of the solu- 
bility, transparency or degree of turbidity, colour, density or specific 
gravity (for liquids), moisture content, and melting, freezing, and 
boiling points. The relevant procedures are described in the State 
Pharmacopoeia. 

Chemical methods of investigation are based on chemical reac- 
tions. They include the determination of the ash content, the hydro- 
gen ion concentration (pH) of a medium, and characteristic numeri- 
cal indices of oils and fats (the acid number, iodine number, saponi- 
fication number, etc.). 

Only such reactions are used to identify drugs that are attended 
by a noticeable external effect, for example, by a change in the 
colour of a solution, the evolution of gases, and the formation or 
dissolution of precipitates. 

The chemical methods also include the gravimetric and volumet- 
ric methods of quantitative analysis employed in analytical chemis- 
try (the method of neutralization, precipitation, redox methods, and 
so on). Recently, titration in non-aqueous media and complexomet- 
ry have been introduced into pharmaceutical analysis. 

Qualitative and quantitative analyses of organic drugs are gen- 
erally carried out with respect to the functional groups in their mole- 
cules. 

Physicochemical methods are used to study the physical phenom- 
ena that occur as a result of chemical reactions. For example, in 
the colorimetric method, the colour intensity is measured depending 
on the concentration of a substance, and in conductometric analysis 
the electrical conductivity of solutions is measured as a function 
of their concentration. 

Among the physicochemical methods are optical (refractometry, 
polarimetry, emission and fluorescence methods of analysis, photo- 
metry including photocolorimetry and spectrophotometry, nephelo- 
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metry or turbidimetry), electrochemical (potentiometry, polarogra- 
phy), and chromatographic methods. 

Recently, various kinds of chromatography (column, paper, thin- 
layer, gas, gas-liquid) and of photometric methods based on the 
absorption of light by the analytes have found their way into phar- 
maceutical analysis. Methods involving nuclear reactions such as 
nuclear magnetic resonance (NMR) and paramagnetic resonance 
(PMR) are becoming more and more popular. 

Non-aqueous solvents are widely used in modern pharmaceutical 
analysis. Previously the main solvent in analysis was water, while 
at present a variety of non-aqueous solvents (glacial or anhydrous 
acetic acid, acetic anhydride, dimethylformamide, dioxan, etc.) are 
also used. They allow the basicity and acidity of the analytes to be 
varied. A micromethod, in particular the drop method of analysis, 
has been developed. It is convenient for use in pharmacies for con- 
trolling the quality of drugs. 

Combinations of various methods are being employed in the 
analysis of drugs. For example, the combination of mass spectro- 
metry with gas chromatography is one of the most powerful analyti- 
cal tools available. Physics, quantum chemistry, and mathematics 
are employed: more and more in modern pharmaceutical analysis. 

The analysis of any drug or raw material must be begun with an 
examination of the colour, odour, form of the crystals, container, 
packing, and colour of the glass. This is followed by the taking of 
an average sample in accordance with the official requirements. 


Chapter I. Chemical Methods* 


1.1. THE COMPLEXOMETRIC METHOD OF TITRATION 


Among the volumetric methods of analysis adopted by the State 
Pharmacopoeia for the quantitative determination of drugs, the 
complexometric method of titration (also known as complexation 
titration or complex-formation titration) has been widely introduced. 
It is based on the reaction of formation of stable complexes of poly- 
aminocarboxylic acids with metal ions (Ca?*+, Mg?+, Zn?2+, Bi®*, etc.). 
These acids are called complexing agents (sometimes the term com- 


* In this chapter, we have omitted a description of the volumetric methods 
of quantitative analysis, which are well known to students from the course in 
analytical chemistry (the methods of neutralization, precipitation, and oxidation- 
reduction), but treat the methods of complexometry and non-aqueous titra- 
tion, which are widely used at present in pharmaceutical] analysis. 
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plexone is used to denote them). The following are the simplest com- 
plexing agents*: 

tribasic nitrilotriacetic acid (NTA or complexon I) or HY, 
where Y°~ is the anion: 


CH,COOH 
HOOC— CH,— N 
N 
CH,CQOH 


ethylenediaminetetraacetic acid—EDTA (also known as ethyle- 
nedinitrilotetraacetic acid) (complexon IJ): 


HOOC— H.C CH,— COOH 
~ 
N — CH,— CH, —N 
/ \ 
HOOC— H.C CH,— COOH 


the disodium salt of ethylenediaminetetraacetic acid Na,H,Y or 
Na-EDTA (complexon III): 


\ 3 
N— CH, — CH.— N ° 2H20 
i \ 
NaOOC— H,C CH,COOH 


* Complexing agents are widely used in analytical chemistry, as well as 
in engineering and medicine. The ability of complexing agents to form complexes 
with metal ions is employed to discharge toxic metal ions including radioac- 
tive ones from an organism. The most widely used are ethylenediaminetetraace- 
tic acid (EDTA) and its sodium salt (Na-EDTA). The acid is often used to elim- 
inate the hardness of water, because it binds Ca?+ into a soluble complex. 
Na-EDTA is used in medicine to eliminate calcium ions when this element is 
deposited in a body under pathological conditions. It is also used to prevent the 
coagulation of blood being preserved, which is also based on the binding of 
the calcium ions. 

The calcium salt of Na-EDTA (the disodium-calcium salt of EDTA) known 
as tetacin-calcium (sodium-calcium edetate) is also used in medicine. A 10% so- 
lution of this salt is a pharmacopoeial preparation: 


NaOOCH.C ott — CH CH,COONa 
ene 
am ON“ 
HG ™ ca CH, 
—o~ 0 — 
| | 
O 


O 


It is used as an antidote in poisoning with salts of the heavy metals. Its effect 

is based on the fact that the calcium in the molecule can be replaced by ions of 

the heavy metals, including toxic ones, to form complexes with a low toxicity 

soluble in water. These complexes are rapidly secreted from the body via the 
idneys. 
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All these complexing agents can be used as titrants in the quanti- 
tative analysis of heavy metal salts. Na-EDTA is used most for this 
purpose. 

Na-EDTA contains amine nitrogen in addition to carboxyl groups 
and is therefore an acid and complexing agent. Many metals are 
capable of replacing the hydrogen atoms of the carboxyl groups in 
Na-EDTA. The metals are bound to the amino group nitrogen by 
a coordination bond and stable complexes of the Na-EDTA with 
the relevant metal are formed. 

A doubly charged cation (for example, Mg*t), forms a complex 
with Na-EDTA having the following composition: 


me Y ~N. aa 2Na* 


The structure of the complex formed by a triply charged cation 
(for example, Bi3+t) with Na-EDTA is as follows: 


, Bi Na’ 
NN ~~ NCH, 
N N7 
a 


The formation of the above complexes can be represented schema- 
tically as follows: 
Na,H,Y = 2Nat + H,Y?2- 
Me?+ -+- H,Y2- = MeY?- + 2H+ 
Me’+ +- H,Y2- = MeY- + 2H? 


where Na,H,Y is Na-EDTA, and Me™* is a metal ion. 

A glance at the above scheme reveals that a reaction of complex 
formation is attended by the accumulation of an acid in the solution, 
therefore the binding of the Ht ions should facilitate the formation 
of a complex. 
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A pH of the medium ranging from 8 to 10 is the most favourable 
for complex formation. This is why the titration of metal salts 
with Na-EDTA is performed in the presence of an ammonia buffer 
prepared in accordance with the requirements of the State Pharma- 
copoeia. 

Special indicators, which are organic dyes, are used to establish 
the equivalence point. Theyinclude Acid Chrom Dark Blue, Erio- 
chrome Black T, and murexide. 

Eriochrome Black T (I) and murexide (II) are used most fre- 
quently: 


OH OH me O 
| ok \ 4 
nao,s—{ \ —N ==N— ro / _ , 
2 ome 
Newed CN 
cp H \ fou 
/ ONH, 0 


O.N j I! 


Eriochrome Black T is used for titrating metal ions in a neutral 
or alkaline medium (pH = 7-11). In this interval, it is coloured 
blue, whereas its complex with metal ions (Mg*t, Catt, Cut, Co?*, 
Zn2+, Mg?*, etc.) is coloured red: 


OH OH 
/ 


Naos—{ N= N— 7 + Me* — 
SS 


oT 


—, ane aoe An 


In titration with Na-EDTA, the complex of the indicator with 
a metal (III) is decomposed. The metal ions are bound by the Na- 
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EDTA into a more stable complex (IV). The indicator anion (1) 
passes into the solution and colours it blue: 


Me 
a, \ 
p CH,COONa 
NaO,S— Sakis ae ,;COOH 
* _/CH,COOH 
NS op COONa 
O, s Red Na- E0TA 
O=C~—O o—c=—0 OH OH 
_. HS Me ai os—¢ \—N=Nn— 
Nye ON QNat + CTS 
-OOCH CO | | CH,COO ‘ ) ; 
H:C CH, / 
VW O.N 
Colourless Blue indicator anion 


The solution’s colour changes distinctly in an alkaline medium 
(pH = 8-10). 

The principle of complexometric titration thus consists in the 
following. A small amount of the relevant indicator is added to the 
analyte solution containing the cation being determined at a strictly 
definite pH. A coloured complex of the indicator with the cation 
forms that is well soluble in water. In titration with Na-EDTA, 
this complex decomposes, and a more stable, generally colourless, 
complex of the cation with Na-EDTA forms. The indicator anion is 
liberated and imparts a different colour to the solution. This colour 
is characteristic of the free indicator at the given pH. 

Complexometric titration is performed in two ways, namely, by 
titration and back-titration. Most cations are determined in an 
alkaline medium by titration. 

Back-titration is employed when the analyte cations are being 
precipitated with ammonia (a component of an ammonia buffer solu- 
tion), or when the ions of a metal, for example aluminium, react 
very slowly with Na-EDTA. In this case, a definite excess of Na- 
EDTA is added to the analyte salt solution, and is titrated with 
a solution of a salt, most frequently of Zn*?* or Mg2*, using a definite 
indicator and a definite value of the pH. 

At the equivalence point, the colour of the solution changes from 
that of the free indicator to that of its complex with the metal cation 
of the salt whose solution was used to titrate the excess of Na-EDTA. 

The following conditions must be observed in complexometric 
titration: 

at the equivalence point the metal cation should be practically 
completely bound into a complex with Na-EDTA; 
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the complex of Na~-EDTA with the cation being determined must be 
more stable than that of the indicator with this cation. 

The complexometric method is recommended by the State Phar- 
macopoeia for determining the content of a substance in prepara- 
tions that are salts of metals such as calcium, magnesium, zinc, 
copper, and mercury. 


1.2. ACID-BASE TITRATION IN NON-AQUEOUS MEDIA 


Titration in non-aqueous media has definite advantages in com- 
parison with titration in aqueous media and is constantly gaining 
popularity. The main advantage of this method is that not only 
strong acids and bases, but also weak and very weak acids, bases, 
and their salts can be titrated with sufficient precision, while multi- 
component mixtures can be titrated without their preliminary sepa- 
ration. This method makes it possible to determine the physio- 
logically active part in salts of alkaloids. Moreover, non-aqueous 
titration can be employed to determine substances poorly soluble 
in water. The titration end point in non-aqueous media can be 
found using indicator, potentiometric, conductometric, amperomet- 
tic, and other techniques. 

Another merit of this method is that both colourless and coloured 
solutions can be titrated. Non-aqueous titration yields more accurate 
results than the titration of aqueous solutions because owing to the 
generally low surface tension of organic solvents, the size of drops of 
non-aqueous liquids is smaller than that of drops of aqueous solu- 
tions. 

According to the theory of non-aqueous titration, the nature of 
the solvent and solute determines the interaction between their 
ions and molecules. The nature of the solvent especially influences 
the acid-base properties of the solute. 

To better understand the theory of non-aqueous titration, we first 
of all have to define the concepts of an “acid” and a “base”. 

For a long time, Arrhenius’s theory of electrolytic dissociation 
was predominant. He defined acids as hydrogen-containing com- 
pounds that dissociate into hydrogen ions Ht and anions when dissol- 
ved in water, and bases as compounds containing hydroxyl groups 
that dissociate into hydroxyl ions OH™ and cations when dissolved in 
water. This theory was found to be inconsistent, however, because 
many organic compounds exhibit basic properties in reactions, but 
have no hydroxyl group in their molecules (examples are pyridine, 
amidopyrine, and alkaloid bases). Similarly, there are substances 
containing no hydrogen in their molecule, for example aluminium 
chloride, but in ether this substance reacts with bases and, conse- 
quently, exhibits properties of an acid. This phenomenon could not be 
explained from the standpoints of Arrhenius’s theory of electrolytic 
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dissociation, and this is why new theories of acids and bases ap~ 
peared. The most acceptable of them for application in analytical 
chemistry was the Bronsted-Lowry proton (protolytic) theory. 

The Danish scientist V. Bronsted and the British chemist T. Low- 
ry independently defined an acid and a base from the standpoints of 
the proton theory. By this theory, an acid is any substance that 
tends to give up a proton H* (a proton donor), while a base is any 
substance that tends to accept a proton (a proton acceptor). For 
example: 


CH,;COOH = H*+-+CH;COO-; NH,+ Ht = NHj 
Acid Base Base Acid 


The donating of a proton by an acid or the accepting of a proton 
by a base is a reversible process. 
8-Hydroxyquinoline can be considered as an acid: 


OH 
Acid Base 
and as a base: 
DQ ~~ 
+ Ht = | 
LA LA 
I N ; N° 
O OH 
Base Acid 


But free protons cannot exist in solutions, they only migrate from 
an acid to a base capable of accepting them. This is why two pro- 
cesses always occur in a solution, namely, 


A, = H*+-+B;,; Bo+ H* = As 
Acid Base Base Acid 
A, + B,=zB,-+ A, 
Acid Base Base Acid 
For example: 


HCl = H+ + Cl-; NH, + H+ = Nit 
Acid, Base, Baseo Acide 
HCl + NH, = Cl- -— NH? 


Acid, Base Base, Acida 


32 Methods of Investigating Drugs 


Hence, every acid has a conjugate base, and every base has a con- 
jugate acid. 

There are substances (or ions) that exhibit properties of acids in 
one solvent and properties of bases in another one. Such a dual 
(amphoteric, or amphiprotic) nature is exhibited, for example, by 
water. In the presence of liquid ammonia it is an acid, because 
a substance (NH,) is involved in the reaction that can accept a pro- 
ton, and water donates it: 


HOH + NH, = NH; + OH- 


Acid Base Acid Hydroxyl 
(proton (proton ion 
donor) acceptor) (base) 


In a reaction with acetic acid CH,COOH, water acts as a base 
because the acetic acid donates a proton H* that is accepted by the 
water, which transforms into a hydroxonium ion (an acid): 


CH,COOH + HOH = H,0+ -+ CH,COO- 
Acid Base Hydroxonium Base 


ion 
(acid) 


Consequently, the acidity or basicity of a definite substance 
changes depending on the basicity or acidity of the medium. 

According to the Brénsted-Lowry protolytic theory, a neutraliza- 
tion reaction is considered as the transition of a proton from an 
acid to a base. Such reactions are called protolysis reactions. They 
are of great help for understanding the processes occurring in non- 
aqueous media. | 

Both organic and inorganic solvents can dissociate into ions 
like water can. Here the hydrogen ions (protons) combine with 
the solvent molecules to form complex ions of hydroxonium, ammo- 
nium, acetonium, and the like. For example: 


H,0 = Ht-+OH- 
Ht-+H,O = H,Ot 


2H,0 = H,0*t + OH- 
Hydroxonium Hydroxy! 
1071 10n 
(acid) (base) 
Liquid ammonia dissociates to form ammonium ions and amide 
i0nSs: 
NH, = Ht-++NHg 
H*+-+NH, = NHj 


Ammonium Amide ion 
(acid) (base) 


Chemical Methods 33 


Anhydrous acetic acid yields acetonium and acetate ions when 
it dissociates: 


CH,COOH = H++CH,Coo- 
H*+ CH,COOH = CH,COOH? 


2CH,COOH = CH,COOH? -+ CH,COO- 


Acetonium Acetate ion 
(acid) (base) 


Consequently, the acidity in an aqueous solution is due to hydro- 
xonium ions H,O*, in liquid ammonia to ammonium ions NH%, and 
in anhydrous acetic acid to acetonium ions CH,COOH%. 

Alkalinity in an aqueous solution is due to hydroxyl ions OH", 
in liquid ammonia to amide ions NHj, and in anhydrous acetic acid 
to acetate ions CH,COO~. Thus, the Bronsted-Lowry theory changed 
the old notions of acids and bases. 

By this theory, acids also include many ions capable of donating 
protons (H,0*, NH{, CH;,;COOH#, etc.). The range of substances 
classified as bases has also extended. In addition to substances con- 
taining hydroxyl ions OH~, many substances and ions capable of 
accepting protons (NH;, Cl-, CH,COO-, etc.) are considered to 
be bases. 

G. Lewis advanced a still more general view of acids and bases. 
He defined an acid as an acceptor and a base as a donor of an electron 
pair. These ideas can be helpful in explaining the mechanisms of 
organic reactions, but are too broad for useful applications in ana- 
lytical chemistry. 

The behaviour of a solute in a non-aqueous solvent depends pri- 
marily on the solute’s properties. As indicated above, some com- 
pounds behave like a base in one medium and like an acid in another 
one. At the same time, the behaviour of a substance in a solution 
also depends on the properties of the solvent. 

In non-aqueous solvents, the acidity, basicity, and solubility 
increase. This makes it possible to use acid-base titration for weak 
acids and bases that are difficult or impossible to analyse in an 
aqueous medium. 

The theory of acids and bases for non-aqueous media was worked 
out by Franklin and further developed by the Soviet scientists A. Sha- 
tenstein, M. Usanovich, N. Izmailov, and A. Kreshkov. A variety 
of acidic or basic solvents can be used for non-aqueous titration. 

1. Examples of basic (protophilic) solvents are liquid ammonia 
NH, ethylenediamine NH,(CH,),NH,, hydrazine NH,NH, and its 
derivatives, dimethylformamide HCON(CH,)., and cyclic nitrogen- 
containing substances such as pyridine C,H,N. These solvents have 
a high affinity tu a proton and can readily accept it: 


N.H, + CH,COOH = N,Ht + CH,COO- 
3—~-01542 
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Weak acids, enols, acidic forms of barbiturates and sulphanylam- 
ides, and phenols are easily titrated in a medium of basic solvents. 
The acidity of these compounds in the given solvents increases, and 
the results of titration are thus more precise. The stronger the basic 
properties of a solvent, the greater is its effect on weak acids, i.e. the 
more does it increase the acidic properties of a substance. 

2. Acid (protogenic) solvents include hydrogen fluoride HF, 
sulphuric acid H,SO,, formic acid HCOOH, and acetic acid 
CH,COOH (anhydrous). 

The molecules of protogenic solvents readily donate protons and 
transform into bases: 


CH,COOH+R—N 2 CH,COO--+R—N* 
\ I 
CH, H CH, 


The stronger the acidic properties of solvents, the greater is their 
effect on weak bases. For example, aniline, which is a very weak 
base in water, exhibits strong basic properties in anhydrous acetic 
acid and can be determined by the neutralization method: 


if + 
( S—nu; + CH;COOH =* CH,COO- + —WH, 
Base Acid Base Acid 


But the division of solvents into protophilic and protogenic ones 
is relative. For example, acetic acid is a proton donor, i.e. an acid, 
in an aqueous solution: 


CH,COOH + H,0 = H,O* + CH,COO- 


Proton Proton Hydroxonium Acetate 
donor acceptor ion jon 
(acid) (base) (acid) (base) 


but in liquid hydrogen fluoride it acts as a proton acceptor and is 
therefore a base: 


CH,COOH + HF z= CH,COOH} + F- 


Proton Proton Acetonium Fluoride ion 
acceptor donor (acid) (base) 
(base) (acid) 


Consequently, the behaviour of a substance in a solution is deter- 
mined by its affinity to a proton. When two compounds interact, the 
one that exhibits a lower affinity to a proton, i.e. retains a proton 
less strongly, is an acid, whereas the one with the higher affinity to 
a proton is a base. 
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3. Amphoteric (amphiprotic) solvents include water H,O, ethyl 
alcohol C,H;OH, and methyl alcohol CH,OH. These solvents are 
bases with respect to acids and acids with respect to bases, i.e. their 
molecules are capable of donating or accepting protons from other 
substances (from acids). This has been shown on an earlier page using 
water as an example. Mixtures of various acids are titrated very 
well in amphiprotic solvents. 

4. Indifferent (aprotic) solvents include hydrocarbons—benzene 
and its derivatives and the halogen derivatives) of hydrocarbons 
(such as chloroform and carbon tetrachloride). The molecules of 
these solvents can neither donate nor accept protons. Mixtures of 
bases are titrated quite well in these solvents. 

Most pharmaceutical preparations are weak acids, bases, or their 
salts, and it is difficult to determine them in an aqueous medium. 
Such preparations are analysed by acid-base titration in non-aqueous 
media. 

Titration of weak bases. Amidopyrine. In this case, anhydrous ace- 
tic acid is used as a solvent, perchloric acid HClO,—as the titrant, 
and crystal violet, methyl orange, or Tropeolin 00 as the indicator. 
A protogenic solvent (CH,COOH) increases the basic properties of 
amidopyrine (which are due to the presence in its molecule of a di- 
methylamino group), and it is titrated quantitatively with perchlo- 
ric acid (R is the residue of the amidopyrine molecule): 


HC. 4 CH; 
H,C~ N~E==¢ ai +CH,COOH —* R—N—CH; + CH,COO 
oF NAT a3 H 
Acid Base 


The titrant reacts simultaneously with the anhydrous acetic acid, 
and since the affinity of perchloric acid to a proton is lower than 
that of acetic acid, the reaction between them follows the equation: 


HClO, -+ CH,COOH = ClO; + CH,COOH? 
Acid Base Base Acid 


CH,COOHt + CH,COO- -» 2CH,COOH 
CH, oH, 
R—Nt + ClO; = | R—N* ClO; 


H CH, H CH; 
Acid Base 


aw 
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The overall reaction is 


fit 
R—N  -+ HClO,+2CH,COOH 
‘UH, Anhydrous 
CH, 
VA 
—+ | R—N* ClO; + 2CH,COOH 
IN 
H CH; 
For caffeine, we have: 
O CH 
I yo nN 3 
HoH : Sor + 2CH.COOH + HClO, —> Ye Jo +2CH,COOH 
07 oN N Anhydrous N 


Titration of salts of nitrogen-containing bases and hydrogen 
halide acids. This group includes most alkaloid salts (papaverine 
hydrochloride, morphine hydrochloride, homatropine hydrobromide, 
etc.) and salts of nitrogen-containing heterocyclic bases [dimedrol, 
sovcaine (cinchocaine), quinocide, etc.]. These salts cannot be titrat- 
ed directly with perchloric acid because the hydrogen halide acids 
are highly ionized and can affect the change of the indicator’s colour 
at the equivalence point. 

To eliminate the interference of the ionized acid halogen (CI-, 
Br-), the salts of hydrogen halide acids are titrated in the presence 
of mercury(II) acetate. As a result, the halogen ion combines into 
a weakly dissociating compound, i.e. mercury dichloride HgCl, 
or dibromide Hgbr,, and titration yields good results (R is the 
residue of an ephedrine molecule): 


CH, 


2¢_\—cHion—Co—-n > HCL + Hg(CH,COO)}, + ZHCLO, + 2CH,COOH— 
CH; Anhydrous 


ey 
—. (R—N CLO; + HgCl, +4CH;COOH 
4 CH; 

Titration of weak acids (acid forms of barbiturates, sulphanyla- 
mides, and the like). Drugs that are weak acids are titrated in pro- 
tophilic (basic) solvents which increase the acidic properties of the 
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weak acids. Dimethylformamide is employed]most often: for this 
purpose because it is a good solvent of most organic drugs. This is 
why dimethylformamide has been adopted officially for the titra- 
tion of weak acids. 

Barbital (barbitone). Dimethylformamide is used as the non- 
aqueous solvent, a 0.1 N solution of sodium hydroxide in a mixture 
of methanol and benzene or a 0.1 WN solution of sodium methylate 
CH,ONa in a mixture of benzene and methanolfas the titrant, and 
thymol blue as the indicator: 


O O 
y y 
Nc” C.H; CH; nc” C,H; CH; 
\ / / ~ yoN/ + / 
HO—C + H—G—No _. O— CC + HEN 
NC C,H; O CH, NC C,H, O CH, 
O 
p 
Na OH y-% por ye 
a Nao—C x + HO—NC + H,0 
\ 
NX C, H. O CH; 
O 


The other acid forms of barbiturates (phenobarbital, hexobarbital, 
benzonal or benzobarbital, etc.) are determined similarly. 


1.3. EXPRESS ANALYSIS 


The volume of work of the analytical cabinets of pharmacies is 
exceedingly great, and if account is taken of the fact that in many 
countries (including the USSR) all the drugs without fail prepared 
at a pharmacy must be controlled in various ways. it is essential 
that drugs at pharmacies be analysed rapidly. The methods of 
analysis must be simple, require no intricate equipment, and the 
amount of a drug and the relevant reagents must be minimal (0.5- 
2 mi of a liquid medicinal form or 0.05-0.1 g of a powder) so that the 
drug does not have to be prepared again for dispensing. These 
requirements are met by chemical express analysis, which occupies 
the leading place among the kinds of control used at pharmacies. 

Qualitative express analysis is performed by the semimicro- 
method in a small porcelain bowl, on a slide, or on filter 
paper. The latter is placed on a glass plate, a solution of the sub- 
stance to be analysed is drawn into a capillary or pipette and let 
out onto the paper. Another, larger pipette is used to drop the 
required reagent onto the centre of the formed spot of the substance, 
and acolour thus appears on the filter paper (the product of the 
reaction of the analyte and the reagent) that tells us whether the 
composition of the substance is what we expected. 
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When employing strong acids and alkalies, conduct the reactions 
on a slide because these substances decompose paper. Quite often 
filter paper impregnated with the relevant reagents and dried is 
used for qualitative analysis. For example, paper impregnated 
with a copper sulphate solution is used to identify sulphanylamide 
preparations, carboxylic acids, and barbiturates. 

Quantitative express analysis uses volumetric methods that ensure 
sufficient accuracy, simplicity, and rapidity of performance. 

When analysing powders, weigh 0.05-0.1 g¢ of the powder on 
a manually operated balance to ensure that 1-2 ml of the titrant 
solution will be used for titration. 

When analysing liquids, add one or two drops of the indicator to 
1-2 ml of the test solution and titrate with a 0.1 or 0.05 N solution 
of the relevant titrant. 

When analysing concentrated solutions, the titration of 1 ml 
would require a comparatively large amount of the titrant solution, 
therefore concentrated solutions are preliminarily diluted. Mixtures 
in which the concentration of the ingredient being analysed does 
not exceed 4% are customarily not diluted. 

For the quantitative determination of the ingredients in oint- 
ments, take a sample on parchment paper and put it into a flask. 
Add 3-95 ml of an alcohol or ether. After the ointment base dissolves, 
titrate the solution. 

several working formulas are used to process the results of analy- 
sis depending on what is required. The following notation is used in 
these formulas: V is the volume of a solution in millilitres (ml), 
a is the mass of a preparation in grammes (g) or its volume in ml, 
K is a correction factor to the standard (titrant) solution, and 7 
is the titre of the standard solution with respect to the solution 
being determined in g/ml. 

The following working formulas are used the most: 

(1) the content of a substance in per cent (X) in a powder or 
ointment is 


VAT 
a 


X= 


x 100% (1.4) 


where V is the volume of the standard solution of a definite nor- 
mality, ml, and a is the mass of the preparation, g; 

(2) the content of a substance in per cent in a solution is also 
calculated by formula (1.1), but in this case a is the volume of the 
preparation taken for the determination, ml; 

(3) if during analysis a part of a preparation is diluted to an 
exact volume and an aliquot (exact) part of the dilute solution is 
taken for the determination, the content of a substance in per cent is 


VATV 
<= 4 100% (1.2) 
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where V, is the volume of the diluted solution of the preparation, 
ml, and V, is the volume of the aliquot part of this solution taken 


for the determination, ml; 

(4) the content of a substance 
in grammes in powders, tablets, 
or mixtures is 


X= 4? (1.3) 


where b is the mass of one powder 
or one tablet, g, or the total volu- 
me of the mixture, ml; 

(5) if back-titration is used in 
analysis, the content of a substance 
is also calculated by formulas (1.1)- 
(1.3), but instead of V the quan- 
tity V’ is introduced into them. 
It is found by the expression: 


Vi'=V,K,—VK (4.4) 


where V, is the volume of the main 
standard solution reacting with 
the substance being determined, 
ml, V is the volume of the auxiliary 
standard solution used to titrate 
the excess of the main solution, 
ml, A, and A are the correction 
factors of the main and auxiliary 
standard solutions, respectively. 
Microburette. A microburette 
(Fig. 1) is used in titration by the 
express method for delivering an 
exact volume of a liquid. 
Procedure. Preliminary fill the 
microburette and the bent capillary 
tube with the titrant solution. To 
do this, close the cock and com- 
press the rubber bulb with your 
left hand, close the opening for 
air in the bulb with your forefin- 
ger, open the cock with your right 


2 
3 
\ 
\ a 4 
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Figure 1. Microburette: 


J—rubber bulb; 2~—-graduated tube for 

3 ml; 3—-rubber tubing with a glass 

bead inside; 4~—cock; 5-~vessel; 6— 
capillary tube 


hand, gradually release the bulb and suck the titrant solution into 
the microburette up to about two-thirds of its volume. Close the cock, 
turn the rubber tubing upward, and press the rubber tubing of the 
valve to let the solution past the bead into the capillary tube until 
the latter is filled. See that there is no air in thecapillary. 
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If the solution flows into the capillary poorly, compress the rubber 
bulb while deforming the rubber tubing. 

Adjust the level up to the zero mark. To do this, return the pipette 
to its initial position, open the cock, and use the rubber bulb as 
above to suck the titrant solution into the burette. Close the cock 
after releasing the excess solution back into the feeding vessel, 
and the microburette is ready for work. 

The following rules must be observed for the convenient and rapid 
filling of a burette: 

(a) the rubber bulb should have a small opening for the inlet 
and outlet of air; 

(b) do not compress and release the bulb sharply, because other- 
wise the solution will get into it, during titration the solution will 
enter the burette, and accurate titration will be impossible; 

(c) if the titrant solution does get into the bulb, remove the 
burette from the vessel, and compress and release the rubber bulb 
several times until all the liquid is forced out of it; 

(d) to prevent air from getting into the bent capillary tube, press 
the rubber tubing only near the bead; 

(e) to prevent a reduction of the pressure in the vessel with the 
titrant solution, periodically remove the burette from the vessel. 


Chapter 2. Physicochemical Methods 


The number of new drugs is constantly growing. This requires new 
methods for controlling their quality. 

Modern pharmaceutical analysis must meet the following require- 
ments: 

(1) the analysis should take a minimal time; 

(2) the accuracy of the analysis should meet the demands of 
the State Pharmacopoeia; 

(3) the analysis should be performed with a minimal amount of 
the analyte and reagents. 

These requirements are met by the physicochemical methods of 
analysis, a merit of which is their universal nature--they can be 
employed for analysing organic compounds with a diverse chemical 
structure. 


2.1. OPTICAL METHODS 
REFRACTOMETRY 


Refractometry is one of the simplest physicochemical methods of 
analysis. It requires very small amounts of the analyte and is per- 
formed during a very short time. In pharmaceutical analysis, it is 
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used for identifying drugs, establishing their purity, and for quan- 
titative determinations. 

The refractometric method of analysis is based on measuring the 
refractive index of the analyte. The refractive index is one of the 
fundamental physical properties of a substance, namely, a pure 
substance is characterized by a definite refractive index. When a ray 
of light travels from one transparent medium into another one, its 
direction changes at the interface—the ray is refracted. 

The ratio of the speed of light in the air (v,) to the speed of light 
in the substance being tested (v,), equal to the ratio of the sine of 
the angle of incidence of the light ray (@) to the sine of the angle of 
its refraction (6), is called the refractive index (n) and is a constant 
for a given wavelength of the light ray: 


_ vy sing 
n= Vo — sin B (2.1) 


The value of the refractive index depends on the nature of a sub- 
stance, the wavelength of the light, the concentration of the solu- 
tion, and the temperature. 

The refractive index is measured by a special instrument known 
as a refractometer. A variety of these instruments are available on 
the market such as the laboratory 


one RL and the universal one RLU. 2 

The refractive index is customa- 3 
rily measured at 20 °C and a wave- 
length of 589.3 nm of the sodium 


spectrum D line (nj). The limits 
of measuring the refractive index 
in this case are 1.3 to 1.7 

A refractometer determines the 
refractive index by the critical 1 
angle method (the critical angle is a 
the limiting angle of incidence in Figure 2. Determination of the 

d dium that results in refractive index: 

a denser mediu . J—measuring prism; 2—illuminating 
an angle of refraction of 90°; at prism; s—substance being studied 
larger angles of incidence total in- 

ternal reflection occurs). A schematic view of an arrangement used 
for this purpose is shown in Fig. 2. 

Design of a refractometer (Fig. 3). The main component of a ref- 
ractometer is a measuring prism made from optical glass whose 
refractive index is known. The entrance face of the measuring prism 
in contact with the analyte is the interface at which refraction and 
total internal reflection of a ray occur. The refraction or reflection 
of the light is observed in the instrument eyepiece. 

Procedure. 1. Before beginning measurements, see that the con- 
tacting prism surfaces are clean. 
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Figure 3. Refractometer 
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2. Check the zero point. Apply two or three drops of distilled 
water to the surface of the measuring prism, and carefully cover 
them with the illuminating prism. Open the illuminating window 
and set it in the direction of the maximum intensity of the light 
source with the aid of mirrors. By rotating the screws, obtain a sharp 
boundary between the light and dark fields in the field of vision of 
the eyepiece. By rotating the relevant screw, make the boundary 
between the light and shadow exactly coincide with the point of 
intersection of the lines in the upper window of the eyepiece. The 
vertical line in the lower eyepiece window indicates the result of 
measurement, namely, the refractive index of water at 20 °C equal 
to 1.333. If the reading differs from this value, set the refractive 
index by manipulating the relevant screw to 1.333, and use a cap 
key (remove the adjusting screw) to bring the light and shadow 
boundary to the point of intersection of the lines. 

3. After setting the instrument at its zero point, lift the chamber 
of the illuminating prism, and remove the water with filter paper, 
a gauze or flannel napkin. Next apply one or two drops of the solu- 
tion to be studied onto the plane of the measuring prism and close the 
chamber. Rotate the screws until the light and shadow boundary 
coincides with the point of intersection of the lines. Read the refrac- 
tive index of the solution on the scale in the bottom window of the 
eyepiece. The concentration of the solution is determined from the 
relevant tables. Use a difierent table when measuring the concentra- 
tion of solutions whose temperature differs from 20 °C. 
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4. After each determination, rinse both chambers with water 
and wipe them with filter paper or a napkin. Place a thin layer of 
cotton wool between the chambers. 

There are tables for determining the concentration of drugs pre- 
pared by the gravimetric or gravimetric-volumetric method. These 
tables list the refractive indices and the concentrations of substances 
corresponding to them. Some tables give the refractive indices 
with an accuracy up to the third digit after the decimal point. In 
this case, the concentration corresponding to the value of the refrac- 
tive index taken with a fourth digit is determined by interpolation. 


Example. The refractive index of a calcium chloride solution is 1.3453, 
The closest values in a table are 4.345 and 41.346, the relevant concentrations 
are 10% and 10.9%, and the difference between them (0.9%) equals unity of 
the third digit after the decimal point. Hence the concentration of the tested 
solution is 


—, (1.3453 — 1.345) (10.9— 10) _ 
OT Ba8— 1.345) 

Notes. The prisms in an instrument fail the most rapidly, therefore 
the following precautions must be observed when working with 
them: 

(1) before determining a refractive index, thoroughly clean the 
prisms; 

(2) never measure the refractive indices of acids and alkalies 
because they corrode the prism surfaces; 

(3) after measurements, wipe the prism surfaces with a clean 
soft napkin wetted with water or alcohol, wipe them dry, and place 
a small, dry, and clean napkin or cotton wool between the prisms; 

(4) it is strictly prohibited to rotate the screw coloured red and 
leave the analyte liquid for a long time between the prisms, espe- 
cially acalcium chloride solution, because the surfaces of the prisms 
after this become coated with a thin dull layer, and it becomes 
impossible to measure the refractive index. 


POLARIMETRY 


The polarimetric method of analysis is based on the ability of 
substances to rotate the plane of polarization when polarized light 
passes through them. Substances rotating the plane of polarization 
of light to the right or left are called optically active. 

If the plane of polarization rotates to the right (clockwise), the 
substance is said to be dextrorotatory (from the Latin dezter— 
right), and its name is preceded by the prefix sign (+-) or the letter d: 
if the plane of polarization rotates to the left (anticlockwise), the 
substance is said to be levorotatory (from the Latin laevus—left), 
and its name is preceded by the prefix sign (—) or the letter }. 
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The deflection of the plane of polarization from the initial posi- 
tion expressed in angular degrees is called the angle of rotation and 
is designated by the Greek letter a. The angle of rotation depends on 
the nature of the optically active substance, its layer thickness, 
temperature, the nature of the solvent, and the wavelength of the 
light. The optical rotation is generally determined at 20 °C and at 
the wavelength of the sodium spectrum D line (589.3 nm). 

The optical activity of a substance is characterized by the specific 
rotation, i.e. the rotation of the plane of polarization produced by 
a layer of the substance 1 dm thick at a concentration of 1 g/ml at 
20 °C. The specific rotation of solutions is evaluated by the formula 


x 100 
a (2.2) 


where a is the measured angle of rotation, deg, / is the thickness of 
the solution layer, dm, and C is the concentration of the solution, %. 

Knowing the specific rotation of a substance, which is constant 
within a definite interval of concentrations, we can calculate its 
content (C) in the solution in per cent by the formula 


la}p = 


_ &X 100 
C= Tale (2.3) 
For liquid substances, the specific rotation is 
[413 = 75 (2.4) 


where o is the density of the liquid, g/cm°. 

Polarimetry is widely employed in pharmaceutical analysis to 
establish the optical activity of drugs, their quality and content. 

Instruments known as polarimeters are used to measure the angle 
of rotation of the plane of polarization. A variety of polarimeters 
are available, but their principle of operation is the same. The 
design of a polarimeter is shown in Fig. 4. 

Optical system of instrument. Light from the source passes through 
a light filter (or ground glass) to the polarizer prism that divides it 
into two equal polarized beams. The polarizer is arranged so that 
the planes of polarization of both beams make the same angle with 
the plane of polarization of the analyzer. If a tube with a sample 
solution is placed in the paths of both beams, the planes of polari- 
zation will be rotated, and one of the beams will be attenuated more 
by the analyser than the other one. By rotating the compensator, one 
can compensate this change in the flux. Simultaneously, the scale 
rotates, which is illuminated through a prism and is observed through 
a magnifying glass. The eyepiece is used to observe the colour of the 


fields. 
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Figure 4. Design of a rotary polar- 
imeter: 


a—side view; b—back view; 1—magnifying 
glass for reading scale; 2—eyepiece; 3— 
screw for setting scale at zero with the 
aid of a removable screw; 4¢~—trans- 
mission knob; 5—chamber for _ tubes: 
6—sample tube, 7—electric bulb; &—rotat- 
ing housing with ground glass light filter; 
9—tumbler switch 
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Procedure. 1. Set the eyepiece and the magnifying glass of the 
scale (by rotating their mounts) to the maximum sharpness of the 
image so that the vertical line dividing the field of vision into two 
halves is clearly seen, while the graduations and figures of the lower 
scale and vernier (upper scale) are clearly seen in the field of vision 
of the magnifying glass. 

2. Set the instrument at zero. To do this, equalize the intensities 
of illumination of both halves of the field of vision by means of the 
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transmission knob. The zeros of the scale and the vernier must coin- 
cide. Otherwise use a cap key to shift the vernier until its zero 
coincides with that of the scale. 

3. Rinse the sample tube twice with the analyte solution. Next 
fll it, pouring in the liquid until its meniscus protrudes above the 
edges of the tube. Wait a while for any gas present to bubble out. 
Smoothly cover the tube with a clean piece of glass using a sliding 
motion to remove the excess liquid. 

4. Put the tube with the analyte solution into the chamber of the 
instrument. The illumination intensities of both halves of the field 
of vision will be different. Rotate the transmission knob to equalize 
them. 

Do. Take the reading with an accuracy up to Q.01. 

6. Again equalize the illumination of both halves of the field and 
take readings, repeating this five times. Take the mean value of the 
readings as the result. 

Choice of Light Filter. 1. Tf colourless or slightly coloured test solu- 
tions give no difference in the illumination intensity of the two 
halves of the field, introduce the ground glass into the optical system. 

2. If the polarization of colourless or slightly coloured solutions 
gives a certain difference in the intensities of the two halves of the 
field and they cannot be equalized, introduce a light filter into the 
optical system. 

3. When working with darkly coloured solutions, place the rotat- 
ing housing in its position corresponding to the maximum illumi- 
nation of the field of vision. Do not introduce the ground glass or 
the light filter. 


FLUOROMETRY 


The fluorescence method of analysis is based on studying the emis- 
sion spectra of the analytes. This method is employed both for 
identifying substances according to the colour of their luminescent 
emission and for quantitative analysis according to the intensity 
of the luminescence measured by special instruments. 

In an experiment, the fluorescence of many substances is caus- 
ed by ultraviolet irradiation. For example, molecules of caffeine 
and nicotine in ultraviolet light have a violet fluorescence, papaveri- 
ne, sovcain (cinchocaine), and barbamyl (amobarbital)—a light 
blue one, codeine and no-spa (drotaverine)—a yellow one, and 
reserpine and cotarnine hydrochloride—a yellow green fluorescence. 
This property is used for identification of the drugs. 

In the State Pharmacopoeia, the colour of the fluorescence of many 
drugs is indicated as a way of identifying them. Examples are dimit- 
hine, methylthiouracil, progesterone, reserpine, riboflavin, and 
quinine hydrochloride. 
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The intensity of fluorescence is affected by the concentration of 
the substance in the solution, the nature of the solvent, the tem- 
perature, the pH of the medium, and the presence of foreign sub- 
stances. Fluorescence is generally determined in solutions with 
a solute concentration not exceeding 10~* to 10-° g/ml. 

An increase in the concentration of the fluorescing substance 
results in reduction or complete disappearance (extinction) of the 
fluorescence. Extinction of the fluorescence can also be due to other 
causes such as a chemical reaction of foreign substances with the 
fluorescing substance that yields non-fluorescing products. 

Some medicinal agents do not fluoresce by themselves, but can be 
converted chemically into substances that do fluoresce. For example, 
thiamine (aneurine) and cocarboxylase (thiamine pyrophosphate) 
react with potassium ferricyanide in an alkaline solution to form 
thiochrome, and the latter when irradiated by ultraviolet light 
exhibits a light blue fluorescence. Adrenaline (epinephrine) and 
folic acid (folacin) as a result of chemical transformations produce 
fluorescing substances used to identify them. 

The quantity of an analyte is determined with the aid of an instru- 
ment known as a fluorometer by comparing the intensity of fluores- 
cence of the analyte solution with that of a standard solution. The 
test is conducted under identical conditions with the pure solvent. 

The content of the pure substance (X) in the preparation is 


__ (11—~ My) C 5 
A= (ny — Ng) (2-2) 
where C is the concentration of the standard solution, 7 is the reading 
of the fluorometer for the analyte solution, n, is the same for the 
standard solution, and 7, is the same for the reference solution (pure 
solvent). 

Since the intensity of fluorescence is directly proportional to the 
concentration of a substance within a very narrow region, the ratio 
(n — ng)/(my — mn.) should be at least 0.4 and at most 2.50. The 
relative error of fluorometric analysis is 2-5%. 


PHOTOMETRY 


Photometric (absorption) methods of analysis are based on the 
ability of an analyte to selectively absorb light. The analysis of 
substances based on the measurement of light absorption includes 
spectroscopy and photocolorimetry. 

Spectroscopy is based on the absorption of monochromatic light, 
i.e. light of a definite wavelength (0.2-20 um) in the visible, ultra- 
violet, and infrared regions of the spectrum. A variety of spectro- 
meters and spectrophotometers are employed for the light absorption 
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measurements. They always use monochromatic light obtained with 
the aid of an optical system known as a monochromator. 

Absorption in the ultraviolet and visible regions of the spectrum 
is associated chiefly with the excitation of electrons. The absorption 
of light in the infrared region of the spectrum is due to molecular 
vibrations. 

Depending on the range of wavelengths used, we distinguish 
spectroscopy in the ultraviolet region with a wavelength range of 

200-400 nm, in the visible region 

A of the spectrum (400-760 nm), 

and in the infrared region (760- 

20 000 nm). But the unit used for 

measuring the wavelength of infra- 

red spectra is generally the micro- 

metre (1 um =—10-* cm ~—10° nm) 

or the wave number v (cm), 

i.e. the number of waves per cen- 
timetre. 

Spectroscopy in the ultraviolet 

i and visible regions of the spectrum 

is employed more frequently in 

Figure 5, Absorption spectrum of pharmaceutical analysis. The meth- 

riboflavin od of ultraviolet spectrscopy has 

been included in the State Phar- 

macopoeia, the International Pharmacopoeia, and also in the latest 

editions of the pharmacopoeiae of almost all countries for the identi- 

fication, qualitative, and quantitative determination of a substance 

in a drug. 

An absorption spectrum is a graphical representation of the 
amount of light absorbed by a substance at definite wavelengths. 
To plot a characteristic absorption curve, the values of the wave- 
lengths (A) in ultraviolet spectroscopy or of the wave numbers (v) 
in infrared spectroscopy are laid off along the axis of abscissas, 
and the value of the absorbance (A), previously known as the opti- 
cal density, or the per cent transmittance (7) (in infrared spectro- 
scopy) along the axis of ordinates (Figs. 5, 6). 

When plotting the curves of absorption spectra in the ultraviolet 
and visible parts of the spectrum, the values of the absorptivity 
(extinction coefficient) a or the molar absorptivity ¢ can be used. 
Here a is the absorption of a solution containing one gramme of 
a substance in 100 ml of its solution at a layer thickness of one 
centimetre, and ¢ is the absorption of a1 M solution of a substance 
at a layer thickness of one centimetre. These quantities are deter- 
mined experimentally and are listed in various tables in the literat- 
ure for specified wavelengths. 

A characteristic of an absorption spectrum is a position of the 
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peaks (minima) of light absorption by the substance, and also the 
intensity of absorption, which is determined by the optical densi- 
ty D or absorptivity a at definite wavelengths. 

Ultraviolet spectroscopic measurements are generally conducted 
in solutions. The solvents used are distilled water, acids, alkalies, 
alcohols (ethanol, methanol), and some other organic solvents. The 
solvent and the analyte must not absorb light in the same region of 
the spectrum. The form of the latter can change in various solvents, 
and also when the pH of the medium changes. 

The absorption of light by analytes is due to the presence in 
their molecules of chromophores, which are specific portions of 
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Figure 6. Infrared spectrum of hydrocortisone 


molecules that can absorb radiant energy in the visible or ultraviolet 
region. They include —C =C—, —C=C—, —COOH, —C= OQ, 


} | ! 
=NH, —N=N —, NO, and NOQO,, and other functional groups. 

Every functional group in a molecule of a substance is character- 
ized by the absorption of light in a definite region of the spectrum, 
and this property is used for the identification and quantitative 
determination of a substance in a drug. 

In addition to chromophores, a molecule may contain one or more 
functional groups that themselves do not absorb in the near ultra- 
violet region being scanned, but can affect the behaviour of the 
chromophore they are conjugated with. These groups, called auxo- 
chromes, usually cause absorption by a chromophore at larger 
wavelengths and at a higher value of the absorptivity than feature 
the given chromophore. Examples of auxochromes are — SH, 
—NH,, and —OH. 

Infrared spectra for most organic compounds, unlike ultraviolet 
spectra, are characterized by the presence of a large number of 
absorption peaks (see Fig. 6). This is why infrared spectroscopy 
provides more complete information on the structure and composi- 


4—01942 


5!) Methods of Investigating Drugs 


tion of the analyte that enables one to identify compounds very 
close in structure. 

In the State and International Pharmacopoeiae, infrared spectro- 
scopy has been adopted for identifying many organic medicinal 
agents with polyfunctional groups in their molecules by comparing 
their spectra with those of standard specimens obtained under the 
Same conditions. The infrared spectra of antibiotics, hormones, 
coumarines, and many other organic medicinal agents are given in 
recent publications on the subject. 

The photocolorimetric method of analysis is based on measuring 
the absorption of non-monochromatic light by coloured compounds 
in the visible part of the spectrum. 

If the analytes are colourless, they are converted into coloured 
compounds by reaction with a suitable reagent. In this case, the 
majority of the coloured compounds are complexes or complex li- 
gands. The latter must be stable and have a constant composition 
and a high colour intensity. Depending on how the concentration of 
substances in coloured solutions is measured and on the apparatus 
used, the methods of photocolorimetric analysis are divided into 
visual and photoelectric ones. 

In the visual method, called ecolorimetry, the intensity of the 
colour of the analyte solutions is compared with that of standard 
solutions in which the concentration of the substance is known. 

In the photoelectric methods of analysis, the colour intensity, 
i.e. the absorbance (A) of the coloured analyte solution is measured 
by photoelectrocolorimeters (Fig. 7) or spectrophotometers in the 
visible region of the spectrum. 

The photometric methods of analysis (spectroscopy, photocolor- 
imetry) are based on the Bouguer-Lambert-Beer law, which estab- 
lishes the relation between the absorption of the analyte solution, the 
concentration of the analyte in this solution, and the thickness of 
the absorbing layer. 

By this law, the absorbance of a solution is directly proportional 
to the concentration of the absorbent C, the thickness of the layer b 
in centimetres, and the molar absorptivity or absorptivity x (in the 
former case, x = &, and in the latter, x = a). This relation is 


A = x0C 
whence 
c= 26 
= 3b (-.6) 


The fundamental principle of operation of photoelectrocolorimeters 
consists in that light of a definite interval of wavelengths passes 
through a cell with a coloured solution or solvent and falls onto 
a photoelectric cell that transforms the radiant energy into electri- 
cal energy measured by a galvanometer. 
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Figure 7. Design of ®OK-56M photoelectrocolorimeter: 


a -—left view; b—right view; 1—indicator; 2—light filter knob; 3—cell with knob; 4—left 
drum; 5—right drum; 6—power supply unit 


Procedure. 1. Connect the instrument to the mains and let it 
warm up for 10 min. 

2. Introduce a light filter (No. 3). 

3. Place the cell with the solvent into the left light beam during 
the entire period of measurement. 

4. Place the cell with the analyte solution into the right light 
beam. 

Qo. set the right drum to the graduation 100 of the transmittance 
scale (A = 0). 

6. Open the shutter. 

7. Rotate the left drum until the light fluxes become equal. 

8. Place the cell with the solvent into the right light beam. 


4x 


o2 Methods of Investigating Drugs 


9. Rotate the right measuring drum until the light fluxes become 


equal. 
10. Read the value of the transmittance or the absorbance on the 
scale of the right drum. In the former case, find A = — log Tf. 


11. Find the concentration of the analyte solution from a graph 
according to the known value of the absorbance. 

Determination of the Concentration of a Solution. When determining 
the concentration of a substance in a solution, proceed as follows: 

choose a light filter; 

choose a cell (specimen container); 

plot a graduation curve for the given substance; 

measure the absorbance or transmittance of the analyte solution 
and determine the concentration of the analyte in it. 

Plotting of a Graduation Curve. Take a standard specimen of the 
given analyte, and prepare a number of solutions of it with known 
concentrations. Measure the absorbances of all the solutions, and 
plot the graduation curve by laying off the known concentrations 
along the axis of abscissas, and the absorbances corresponding to 
them along the axis of ordinates. 

The graduation curve is used to determine the unknown concentra- 
tion of the analyte in its solutions. To do this, pour a solution into 
the cell for which the graduation curve was plotted, use the same 
light filter, and determine the absorbance. Next use the graduation 
curve to find the concentration corresponding to the measured value 
of the absorbance. Check the graduation curve from time to time, 
using a standard specimen for this purpose. 

In recent years, pharmaceutical analysis has been characterized 
by the use of methods such as flame photometry and differential 
spectrophotometry in the quantitative analysis of drugs. Differential 
spectrophotometry substantially improves the accuracy of the 
spectrophotometric and photocolorimetric analysis of medicinal 
agents. This method enables one to determine large amounts of 
individual components of a mixture because the absorbance of the 
analyte solution is measured not relative to the pure solvent (or 
solution of reagents), but relative to a reference solution containing 
a known amount of the analyte. 


2.2. ELECTROCHEMICAL METHODS 
POTENTIOMETRY 


This method is used to determine the hydrogen ion concentration 
in a solution (the pH of the medium) and establish the equivalence 
(end) point of titration when its determination using indicators is 
hindered for various reasons (for coloured solutions, when the change 
in the indicator colour at the equivalence point is hardly noticeable, 
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etc.). Potentiometric titration makes it possible to accurately estab- 
lish the titration end point by the change in the electrode potential 
arising between the solution and an electrode immersed in it. 

The method is based on the change in the potential of an electrode 
immersed in an analyte solution and consists in measuring the 
electromotive force (e.m.f.) between two electrodes. One of them is 
an indicator electrode whose potential depends on the activity of 
the hydrogen ions in the solution, and the other is a reference electrode 
with a known constant value of its potential. A glass electrode is 
generally used as the indicator one, and a calomel or silver-silver 
chloride electrode, as the reference one. 

A variety of laboratory pH meters are used for direct measurement 
of the pH. 


POLAROGRAPHY 


This method of analysis is based on measuring the current arising 
in the processes of oxidation or reduction of an analyte on the surface 
of a microelectrode (the working electrode). The method is used for 
the qualitative and quantitative assessment of a number of medici- 
nal substances. 


2.3. CHROMATOGRAPHIC METHODS 


The chromatographic method of analysis was first proposed in 
1903 by the Russian scientist M. Tswett. His works were the corner- 
stone for the further development of chromatography. The latter is 
one of the sensitive methods of investigation. 

Chromatography is a way of separating mixtures into their com- 
ponents that do not change their original properties. The methods of 
chromatography are classified (1) by the state of aggregation of the 
mixture that is separated into components (gas, liquid, and gas- 
liquid); (2) by the separation mechanism (adsorption, partition, 
ion-exchange, precipitation, etc.); and (3) by the embodiment of the 
chromatographic process (column, capillary, and surface, i.e. paper 
and thin-layer). 

Thin-layer and paper chromatography have found the greatest 
application in pharmaceutical analysis*. 


THIN-LAYER CHROMATOGRAPHY 


Chromatography in a thin sorbent layer (TLC) was used in phar- 
maceutical analysis for separating extracts and tinctures of medicinal 
plants by the Soviet scientists N. Izmailov and M. Shraider (1938). 


* Since the principle of paper chromatography is similar to that of thin- 
layer chromatography, we shall omit its description and treat only TLC, which 
is used the most in pharmaceutical analysis. 
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TLC is employed to separate mixtures of medicinal agents, identi- 
fy them, establish their purity, and determine the components 
quantitatively. A merit of TLC is that it can separate drug mixtures 
into separate components similar in their chemical structure and 
properties, for example, mixtures of amino acids, alkaloids, barbitu- 
rates, and sulphanylamides. 

This method is especially convenient for analysing small amounts 
of poisonous and highly potent substances inacompound drug when 
it is difficult to determine them by chemical methods. It is also 
employed for detecting impurities in a substance, which is especially 
important in industrial control of the quality of the synthesis inter- 
mediates. Another merit of TLC is that it does not require intricate 
equipment and is therefore accessible for various investigations 
under any conditions. 

TLC is carried out in two ways—with.a stationary and a mobile 
sorbent layer. Over twenty different sorbents are employed, among 
which the most popular are aluminium oxide, various grades of 
silica gel, cellulose, polyamide powder, and synthetic resins. 

Recent years have seen the widespread introduction of commercial- 
ly prepared TLC plates with the stationary phase attached (for exam- 
ple, “Silufol” plates produced in Czechoslovakia). 

In chromatography, a solution of the analyte or a mixture of sub- 
stances is applied with a capillary onto a glass plate (6 « 9 or 
12 =< 16 cm in size) with a stationary sorbent layer or onto a “Silu- 
fol” plate at the start line. The plate is next placed at an angle into 
a special chamber (a rectangular glass jar with a ground glass lid) 
containing a mixture of the relevant solvents. The latter owing to 
the capillarity of the sorbent layer migrate along the plate, carrying 
along the substances from the mixture applied at the start line over 
different distances. After the solvent has risen to a definite height, 
the plate is extracted from the chamber, dried, and developed using 
the relevant chemical reagents. 

The substances on a chromatogram can also be detected by their 
fluorescence in ultraviolet light (ultraviolet lamps of various systems 
are used). 

The position of the spots of the substances after chromatography is 
characterized by the value of the retardation factor (or front ra- 
tio) Ry: 


AC 
where AC is the distance from the start line to the centre of the 
spot, and AB is the distance from the start line to the solvent front 
(Fig. 8). 

The value of &; for each substance is quite definite and is a charac- 
teristic value. The values of A; are used to identify the substances 
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in a mixture. Since the value of AR, depends substantially on the 
quality of the sorbents, the purity of the solvents, the temperature, 
the amount of substance in the chambers, and other factors, the 
reliability of analysis is improved by using reference solutions of 
the same substances. These 
solutions are applied to the 
start line of the plate next 
to the analyte mixture. 
Identification is considered 
to be positive if the values 
of RA; for the substances of 
the analyte mixture and 
the references are equal. 
The content of a mixture 
component can be deter- 
mined in one of two ways, 
namely, the coloured zone 
of a substance is carefully 
removed from the plate, 
and next the analyte is 
eluted from the sorbent by 
the relevant solvents. The 
amount of analyte in the 
eluate is determined by 
spectrophotometry or photometry. The content of mixture com- 
ponents can also be determined directly from the chromatograms. 
In this case, two procedures are employed: 

(1) The colour intensities of the spots of the analyte mixture of 
substances are compared visually with similar spots of the reference 
substances. The areas of the spots are measured with a planimeter 
or are evaluated from the radii of the zones of the substances by 
the formula 


Figure 8. Thin-layer chromatography 


S = nkR, (2.8) 


where S is the area of a spot, mm*, AR and R, are the largest and 
smallest radii of the zones, mm, and n = 3.14. 

(2) The colour intensities of the spots are measured by densito- 
metric or spectrophotometric techniques directly from a chromato- 
gram using densitometers or spectrophotometers of a special design. 


ION-EXCHANGE (COLUMN) CHROMATOGRAPHY 


Ion-exchange chromatography is based on the exchange of ions 
between an analyte in a solution and a sorbent. 

The sorbents contain ionogenic groups and can dissociate and 
exchange ions with the analyte solution. Such sorbents are known as 
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ion exchangers. They are high-molecular compounds containing 
a large number of ionic functional groups and are divided into two 
types according to the nature of ion exchange, namely, (1) cation 
exchangers with mobile cations that can be exchanged for the cations 
from the analyte solution (imparting acidic properties to the ion 
exchangers), and (2) anion exchangers with mobile anions that can 
be exchanged for the anions from the analyte solution (imparting 
basic properties to the ion exchangers). 

The molecules of cation exchangers of various grades contain 
mobile SO,H-, COOH ~-, and other groups. The molecules of anion 
exchangers contain mobile amino groups, quaternary ammonium 
bases, etc. 

Cation exchangers are available in the hydrogen (H) form and the 
salt form. The former contain exchange hydrogen ions, and the 
latter, metal cations. An anion exchanger in the OH form contains 
exchange hydroxyl! ions, and in the salt form, acid anions. 

When salts react with cation exchangers in the H form, the pro- 
cess of cation exchange proceeds as follows: 


H*R- + NatCl- = NatR- + H*Cl- 


A similar reaction occurs when salts react with anion exchangers 
in the OH form: 


Rt+tOH- -+- NatCl- = RtCl- + Na*tOH- 


As a result, an equivalent amount of an acid or alkali evolves that 
can be titrated with the relevant titrant, and then the amount of 
the analyte salt (NaCl) can be calculated. 

Thus, ion-exchange chromatography is not an independent meth- 
od of quantitative analysis. It is employed as an auxiliary method 
for separating and extracting substances. The extracted components 
are then determined by conventional chemical, physical, or physi- 
cochemical methods. 

Chromatographic separation with ion-exchange sorbents is widely 
used in quantitative analysis, especially when the quantitative 
determination of substances without their preliminary separation is 
impossible. It is employed to determine the concentration of salts 
in electrolyte solutions, to separate ions by extracting one of them 
(or a group of ions) from a mixture, and to remove ions interfering with 
an analysis from a solution. 

In pharmaceutical analysis, ion-exchange chromatography is 
widely used for the quantitative determination of salts of organic 
and mineral acids, salts of alkaloids and nitrogenous bases, and 
other groups of drugs. 

We shall describe two procedures as examples. 

1. Quantitative determination of salts of mineral and organic 
acids. Accurately weigh a specimen of an analyte (0.3-0.5 g), place 
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it in a 50-ml volumetric (measuring) flask, and add water up to the 
mark. Pass 5 ml of the obtained solution through a column with 
a cation exchanger at a rate of 20 drops a minute. Then rinse the 
cation exchanger with water (when analysing salts of organic acids, 
for example sodium benzoate or salicylate, with alcohol) up to 
a neutral reaction of the effluent, and titrate the evolved equivalent 
amount of effluent with a 0.1 NV solution of sodium hydroxide in the 
presence of the relevant indicator. 
Cation exchange follows the reactions: 


2[Cat SO,]-H* + Na,SO, > H,SO, + 2[Cat SO,]Nat 


[cat SOJH* + ¢ \coone = € \—coon + [Cat so] Na* 


where Cat is a cation exchanger. 

2. Quantitative determination of alkaloid salts and nitrogenous 
bases. Accurately weigh a specimen of the alkaloid salt being in- 
vestigated (0.03-0.05 g), dissolve it in 5 ml of water or alcohol, 
acidify with a drop of dilute hydrochloric acid, and slowly pass the 
solution through a column containing an anion exchanger. A base of 
the alkaloid being investigated will separate: 


(An)OH + [RNHI]Cl — (An)Cl -- [RNH]OH 


where [RNH] is an alkaloid group, and (An) is an anion exchanger. 

Since most alkaloid bases are sparingly soluble in water, for 
complete elution of such bases, treat the anion exchanger five or six 
times with 5 ml of 95% alcohol, and then one or two times with 5- 
10 ml of water until the effluent has a negative reaction to an alka- 
loid base. To do this, evaporate 3-4 ml of the last filtrate up to two 
or three drops, and add the relevant reagent for the alkaloid base to 
the residue. When the base of the alkaloid salt being studied has 
been eluted completely, determine it in the filtrate by one of the 
analytical methods. 


GAS, GAS-LIQUID, AND LIQUID CHROMATOGRAPHY 


Gas and gas-liquid chromatography have come into use in recent 
years in pharmaceutical analysis. Gas chromatography is especially 
effective when analysing volatile substances contained in small 
amounts, for example in complicated natural mixtures of substances. 

Gas-liquid chromatography is used in pharmaceutical analysis for 
the separation, identification, and quantitative determination of 
drugs and their mixtures. It is especially convenient for control of 
the quality of substances formed in intermediate synthesis stages. 
It is also used when studying the stability of various drug forms dur- 
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ing their storage. Gas-liquid chromatography is quite popular in 
toxicological investigations and biopharmaceutical analysis because 
it enables one to determine the concentration of drugs and their 
decomposition products (metabolites) in a biological material with 
the required accuracy. 

Recently, liquid chromatography (LC) has been introduced at 
control and analytical laboratories of institutes and industrial 
pharmaceutical enterprises. The proper choice of two immiscible 
liquid phases—a mobile and stationary ones—can ensure a high 
separation at normal temperatures of both volatile and _ non- 
volatile substances. Liquid chromatography has already found use 
in the separation of fatty and amino acids, chelates, alcohols, amines, 
hydrocarbons, steroids, hormones, alkaloids, antibiotics, and so on. 


2.4. BOLOGICAL METHODS 


The chemical or physicochemical methods of analysis cannot be 
used in pharmaceutical practice for all drugs. Sometimes, a sub- 
stance has a complicated structure, and it is difficult to find ade- 
quate chemical reactions and sufficiently accurate methods of quanti- 
tative determinations, moreover because the chemical structure of 
newly discovered natural substances with a strong biological effect 
remains undetermined for a certain time. On the other hand, it is 
not correct to estimate the effect of a drug only using the results of 
chemical tests because they do not provide exhaustive information 
on the effect of the drug on an organism. In this connection, it be- 
comes essential to introduce a biological method of analysis charac- 
terizing the pharmacological effect of a drug. 

Biological tests are conducted on animals and less frequently on 
separate isolated organs or parts of organs of animals. Generally 
monkeys, dogs, cats, mice, rats, guinea-pigs, frogs, etc. are the 
objects of biological investigations. 

The effect of drugs in the biological method is expressed in activity 
units (AU) and is determined by comparison with the activity of 
a reference substance. For example, to establish the biological 
effect of the insulin hormone, its activity is compared with that of 
a reference—crystalline insulin containing 24.5 international units 
per milligramme (the specific activity of 0.04082 mg of this prepa- 
ration is taken as one unit). 

The biological method of investigation is very sensitive. Alkaloids, 
vitamins, and antibiotics still reveal activity when diluted millions 
of times. 

Notwithstanding a number of its drawbacks, the biological meth- 
od is still employed quite widely, especially for controlling new 
medicinal agents whose chemical structure has not yet been esta- 
blished. 
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REVIEW QUESTIONS 


1. What are the tasks of pharmaceutical chemistry? 

2. Why do drugs have to meet high purity requirements? 

3. What is the essence of the considered methods of analysis (consider each 
method)? 

4. Describe the merits of the modern physicochemical methods of analysis. 


PRACTICAL LESSON 


Express Analysis of Mixture with Sodium Iodide 


1. Carry out an identification reaction. To several drops of the analyte 
mixture add two or three drops of an iron(III) chloride solution, two drops of 
acetic acid, and two drops of chloroform, and agitate the mixture. The chloro- 
form layer acquires a violet colour. What is this due to? Give a chemical substan- 
tiation of the reaction. 

2. Carry out a quantitative determination (the Fajans method). Put 5 ml of 
the mixture into a 100-m! measuring flask and add distilled water up to the 
mark. Transfer 5 ml of the diluted solution into a conical (Erlenmeyer) flask, 
add 5 ml of 2 N acetic acid and five drops of a sodium eosinate indicator, and 
titrate with a 0.1 N silver nitrate solution until the precipitate is coloured pink. 

3. Calculate the sodium iodide content (X) in the solution (in per cent) by 
formula (1.2), i.e. 


"KTV 7K xX 0.044 9§ O00 
2 


OU X90 x 100 


(here V is the volume of the 0.1 WN silver nitrate solution, ml, and 7 = 0.014 
99 g/ml). 


Analysis of Powders Each Containing 0.005 g of Riboflavin 
and 0.1 g of Sugar by the Photocolorimetric Method 


(a) Using a calibration graph: 

1. Dissolve an accurately weighed specimen of riboflavin (0.04 g) in water 
in a 1000 ml measuring flask with heating. After cooling, add water up to the 
mark. We shall designate this solution by A. One millilitre of solution A con- 
tains 0.000 04 ¢g of riboflavin (0.04 mg or 40 ug). 

To plot a calibration curve, place an exact amount of solution A into a num- 
her of test tubes and dilute with water so that 10 ml of the mixture contains 
a definite amount of solution A, namely: 


Test tube No. ......... 142 3 4 5 6 7 
Amount of solution 

A, ml. ............. 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
Amount of water 

added, ml ............ 9.0 8.5 8.0 7.5 7.0 6.5 6.0 


2. Calculate the amount of riboflavin in 1 ml of each of the obtained solu- 
tions. 

3. Determine the maximum absorption of the solutions and choose the 
required light filter. 

4. Determine the absorbance of all the solutions and plot a calibration 
curve (graph). 

5. Using the calibration graph, determine the concentration of riboflavin 
in an analyte solution. 


60) Methods of Investigating Drugs 


6. What property of riboflavin is the given procedure based on? 

(b) Using a reference specimen: 

1. Dissolve an accurately weighed sample (about 0.01 g) of the preparation 
in 150 ml of water in a 250-m] measuring flask while heating on a water bath. 
After cooling, add water up to the mark. 

2. Determine the absorbance of the reference solution. Measure the absor- 
bance of a reference solution containing 2.5 ml of a reference solution of ribo- 
flavin and 7.5 ml of water in a cell 10 mm thick using a blue light filter (wave- 
length 445 nm). 

3. Prepare riboflavin powders. To do this, prepare a mixture for 10 powders 
by taking 0.05 g of riboflavin and 1.0 g of sugar. Thoroughly triturate the mix- 
ture. 

4. Determine the absorbance of the riboflavin in the prepared powders. To 
do this, dissolve 0.02 g of a powder in 10 ml of water with heating on a water 
bath. After cooling, add 9 ml of water to 1 mi of the solution. Measure the 
absorbance in a cell 10 mm thick using a blue light filter. 

5. Determine the riboflavin content in the powders by the formula 


x4 <x 0.0001 « 10 x b 
Aga 
where A is the absorbance of the analyte solution, A, is the absorbance of a solu- 


tion of the reference specimen, a is the mass of the specimen, g, and b is the 
average mass of a powder, g. 


Analysis of a 10% Solution 
of Calcium Chloride by the Refractometric Method 


Beiore performing this assignment, recall the rules of work with a refracto- 
meter (see Sec. 2.1). 


ll. Inorganic Drugs 


Chapter 3. Group VIIA Elements 


3.1. HALOGEN COMPOUNDS 


Group VIIA of the periodic table includes hydrogen and the halogens: 
fluorine, chlorine, bromine, iodine, and astatine. The first four 
halogens are encountered in nature. Astatine is prepared artificially 
and is unstable (radioactive). Fluorine, bromine, and iodine are three 
of the 15 microelements contained in the human organism. None of 
the halogens are encountered in nature in the molecular form be- 
cause their molecules are very reactive. 

The halogens are univalent in most of their compounds. This is 
explained by their electron configuration. The outer electron layer 
of a halogen atom has seven electrons (two in the s and five in the p 
orbitals). Such an atom therefore readily accepts another electron to 
form a singly charged negative ion with the configuration of the 
relevant noble gas (ns*np®). Hence, the halogens exhibit the proper- 
ties of non-metals or metalloids and are oxidizing agents. Fluorine 
attracts an electron the most vigorously, and it is therefore the 
most electrically negative of all the halogens. 

A growth in the atomic mass of the halogens is attended by a de- 
crease in their electronegativity and, consequently, in their oxidizing 
ability. Thus, fluorine is the strongest oxidizing agent. Next come 
chlorine and bromine, while iodine is the weakest oxidizing agent of 
the halogens. 

With a view to their oxidizing properties, the halogens are used 
in medicine chiefly as disinfectants. Fluorine and bromine are very 
toxic, however, and are not used in medicine. Chlorine is used as an 
antiseptic for disinfecting water. Iodine is the only halogen used in 
medicine, in the form of alcohol solutions (5 and 10%). 

All the halogens have a very pungent odour. The inhaling of even 
small amounts of them causes strong irritation of the respiratory 
tract and inflammation of the mucous membranes. The halogens are 
most often used in medicine in the form of compounds with other 
elements. Among them are: 

1. Hydrogen halides—the hydrohalic acids (HCI, HBr, HI). 

2. Oxygen compounds of the halogens of the general formula 
Hal,O, i.e. oxides, which with water yield hypochlorous, hypobro- 
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mous, and hypoiodous acids, respectively: 
Cl,0 2HCIO 
Br,0-+H,0 — 2HBrO 


1,0 2HIO 
The salts of these acids, mainly hypochlorites such as NaClO and 


J Ot 
KCl1O, as well as chlorinated lime Ca 
Nel 


are pharmacological 


preparations. 

3. Compounds with alkali metals — halides (NaCl, KCl, NaBr, 
KBr, Nal, KI). 

Of the compounds of the first group, only hydrochloric acid is 
used in medicine. It is the only mineral acid that is constantly 
present in the free form in the gastric juice of animals and humans. 
The hydrochloric acid in the gastric juice transforms one of the 
gastric juice enzymes—pepsin—to the active form. It also destroys 
the pathogenic and putrefactive bacteria that may penetrate into the 
stomach. This is why hydrochloric acid is a pharmacological prepa- 
ration. The State Pharmacopoeia lists two preparations of hydro- 
chloric acid. 


Hydrochloric Acid (Acidum hydrochloricum) 


Dilute Hydrochloric Acid 
(Acidum hydrochloricum dilutum) 


HCl Molecular mass 36.46 

Both acids have identical properties and differ only in the amount 
of hydrogen chloride they contain and, accordingly, in their density. 

Hydrochloric acid should contain 24.8-25.2% of hydrogen chloride, 
and its density is 1.125-1.127 g/cm’. 

Dilute hydrochloric acid contains 8.2-8.4% of hydrogen chloride, 
and its density is 1.040-1.041 g/cm?. 

Commercial concentrated hydrochloric acid contains 37% of 
hydrogen chloride, and its density is 1.19 g/cm*. This acid fumes 
because the hydrogen chloride combines with ammonia, which is 
always present in the air, to form ammonium chloride, and it is 
exactly the very minute particles of this compound that form the 
fume. This is why the acid is called fuming. 

Hydrochloric acid is prepared by dissolving hydrogen chloride in 
water. he main method of the industrial production of hydrogen 
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chloride at present is its synthesis from hydrogen and chlorine that 
are evolved in the electrolysis of a sodium chloride solution: 


2NaCl = 2Nat -- 2Cl- 
At the cathode: 2H,O + 2e = H, + 20H- 
At the anode: 2Cl- — 2e = Cl, 
H, + Cl, > 2HCl 
In the solution: 2Nat+ + 20H- = 2Na0OH 


Pharmacopoeial preparations of hydrochloric acid are a colour- 
less transparent liquid, sometimes with a yellowish tint due to an 
impurity of iron(III) chloride that may get into the preparation 
from the material of the apparatus used to produce the acid. Hydro- 
chloric acid mixes with water and alcohol in any proportions. 

Jts presence is confirmed by reactions for the Cl~ anion: 

(a) when a silver nitrate solution is added to hydrochloric acid, 
silver chloride precipitates, which is soluble in an ammonia _ solu- 
tion (ammonium hydroxide): 


AgNO, + HCl -> AgCl) -+ HNO, 
White 


(b) when hydrochloric acid is heated with manganese dioxide, 
free chlorine evolves (it is the product of oxidation of the Cl- in the 
acid to molecular chlorine Cl,), which is detected by its odour: 


MnO, + 4HCl — MnCl, + Cl,+ + 2H,O 


To establish the quality of hydrochloric acid, it is tested for 
impurities*: 

1. Salts of trivalent iron (FeCl,) are detected by a reaction: 

(a) with a potassium thiocyanate solution and the formation of 
red iron(II1) thiocyanate: 


FeCl, + 3KSCN = Fe(SCN), + 3KCl 
Red 


(b) with a potassium ferrocyanide solution and the formation of 
Berlin blue: 
4FeCl, + 3K4[Fe(CN),] > Fe,[Fe(CN)g]lo} -—+ 12HCl 


Berlin blue 


* The sulphate, sulphate ash, and arsenic impurities indicated in the State 
Pharmacopoeia and due to the previously used sulphate method of producing 
HC] are of no significance at present because recent years have seen this method 
eoing out of use in the industry. 
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2. Free chlorine is detected by the action of potassium iodide in 
the presence of chloroform. The iodine displaced by the chlorine 
colours the chloroform violet: 

Cl, + 2KI >I, + 2KCl 


The concentration of hydrochloric acid can be determined: 

(a) by neutralization, i.e. titration with an alkali using methyl 
orange as an indicator (the method indicated in the State Pharma- 
copoeia)’ 

HCl + NaOH — NaCl + HOH 


(b) from its density, because a definite value of the density corre- 
sponds to a definite acid concentration. Knowing the density, we 
can easily find the concentration of the acid corresponding to it from 
tables given in the literature. For example, foradensity of 1.19 g/cm?, 
we find 36.5% of hydrogen chloride, and for 1.125 g/cm? we find 
25% of the hydrogen chloride. 

Dilute hydrochloric acid is used in medicine. It is administered 
orally in drops or in the form of a mixture (most often together with 
pepsin) to improve gastric acidity. It is often prescribed together 
with iron preparations because it promotes their absorption. 

Medicinal hydrochloric acid must be stored at room temperature 
in bottles with ground glass stoppers. Never store the acid in very 
warm premises because this may cause a gas (HCl) to evolve that dis- 
turbs the sealing of the bottle. The preparation is listed in group B. 


Chlorinated Lime (Calcaria chlorata) 
OCl 


/ 
Ca . Ca(OH) o° RH,O 
N\ 


Cl 

Among the oxygen halogen compounds, only the salts of hypochlo- 
rous acid (hypochlorites) are of interest for medicine, chiefly chlo- 
rinated lime—a mixed calcium salt of hypochlorous and hydrochlo- 
ric acids. 

Chlorinated lime is a strong oxidizing agent (oxidant). Under the 
effect of acids, even such a weak one as the carbonic acid present in 
the air, it decomposes with the evolution of free active chlorine, and 
it is exactly the latter that has a disinfecting and deodorizing ac- 


tion: 
OCI 


/ 
2Ca + CO. + H.O > CaCl, —- CaCO, t +t C]1,0 
N\ 


Cl 
C1,0 > Cl, + +04 
ea aH” 


Oxidants 
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Chlorinated lime is used as a large-scale degassing agent for the 
disinfection of premises, cesspools, and refuse pits. 

Of the alkali metal halides, sodium and potassium chlorides, bro- 
mides, and iodides are pharmacopoeial preparations. 

All these drugs have many common features both in the ways they 
are produced and in their properties and, consequently, the methods 
of analysing them are similar. But their action on an organisms 
differs. 


Sodium Chloride (Natriit chloridum) 
NaCl M.m. 53.44 


Potassium Chloride (A ali chloridum) 


KC] M.m. 74.56 

The main function of sodium chloride in an organism is to maintain 
a constant osmotic pressure of the blood. When there is a lack of 
sodium chloride in an organism, it is introduced intravenously or 
subcutaneously in the form of a 0.9% aqueous solution known as an 
isotonic solution. Introduction of this solution levels out and nor- 
malizes the osmotic pressure of the blood. [t is also used for baths, 
swabbing, and gargling in diseases of the upper respiratory tract. 

Sodium chloride is administered in the form of tablets: Tabulettae 
Natrii chloridi, or a 0.9% isotonic solution for injections: Solutio 
Natrii chloridi isotonica 0.9% pro injectionibus. 

The other preparation—potassium chloride—is administered in 
cardiac arrythmia, especially in intoxication by cardiac glycosides 
when the myocardium cells become depleted in potassium ions. Po- 
tassium chloride is also employed in hypopotassaemia (a decrease 
in the potassium ion concentration in an organism) caused by the 
prolonged taking of diuretics. 

Potassium chloride is generally prescribed for oral administration 
in the form of a 10% aqueous solution or in the preparation panan- 
gin (potassium magnesium aspartate)*. 

Sodium and potassium bromides are used as tranquilizers. 


* Since most drugs are known by different names in different countries, the 
most widely used non-proprietary synonyms (common names) are given in 
parentheses throughout the book in addition to the names employed in the 
USSR—Translator’s note. 
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Sodium Bromide (Vatriit bromidum) 
NaBr M.m. 102.90 


Potassium Bromide (Kali bromidum) 
KBr M.m. 119.04 


The tranquilizing effect of bromine preparations is based on their 
ability to angment depression in the cerebral cortex. This is why bro- 
mides are administered in neurasthenia and increased irritability. 
Bromides are taken orally in the form of solutions (mixtures) and 
tablets. 

The pharmacopoeial preparations of iodides include: 


Sodium lodide (Vatrii todidum) 
Nal M.m. 149.89 


Potassium lodide (Kali todidum) 


KI M.m. 166.04 

Both preparations are white crystalline powders. lodides are ad- 
ministered in hyperthyroidosis and endemic goitre. 

li food or water does not contain a sufficient amount of iodine, 
which sometimes occurs in certain mountainous localities, the local 
population acquires a disease called cretinism or goitre. Jodides are 
prescribed in the form of solutions (mixtures) for oral taking. 

Ways of Producing Halides. Sodium chloride is the only halide 
that occurs widely in nature as massive deposits of rock salt. This 
is exactly the main source for the production of the pharmacopoe- 
ial preparation. Aqueous salt solutions are first evaporated, and then 
the salt is purified from admixtures. The sodium chloride is finally 
recrystallized from a saturated aqueous solution of hydrochloric acid 
in which it dissolves poorly. 

A purer preparation can be obtained by treating sodium carbon- 
ate with chemically pure hydrochloric acid: 


Na,COQ, -++ 2HCl + 2NaCl + CO,+ + H,O 
Pure potassium chloride is obtained in the same way, namely: 
K,CO, + 2HCl > 2KCl + CO,+ + H,O 


The by-product of the reaction (CQ,) is volatile, and therefore the 
chlorides produced are pure. 

Bromides and iodides are produced in the industry as follows: 
iron shavings are treated with water and bromine or iodine is added. 
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The product is iron bromide or iodide (FebBr, or Fel,). Next more 
bromine or iodine is added to the reaction mixture: 


oFeBr. —- Br, —_> Fe,Brg 
3Fel, —- J, —_—> Fel, 


After this, the solution of ferroferric bromide (or iodide) is evapo- 
rated and a sodium carbonate (soda) solution is added: 


Fe,Brg SNaBr 
7 
-++ 4Na,CO,-+ 4H,0 -+ Fe(OH). } + 2Fe(OH)3 4 +4CO, + 
Fel, SNal 


The precipitates of the iron hydroxides are filtered off. After evap- 
oration, sodium bromide (iodide) crystallizes out from the filtrate. 

Potash K,CO,; is taken instead of soda to produce potassium bro- 
mide and potassium iodide. 

All these preparations (chlorides, bromides, iodides) are identified 
by reactions for the cation Nat and K+ and the relevant anion Cl-, 
Br-, and I-. 

The sodium ion is usually detected by its colouring a flame yel- 
low. The State Pharmacopoeia recommends a reaction with zinc ura- 
nyl acetate in dilute acetic acid; yellow crystals precipitate in the 
presence of Nat: 


Nat + Zn(UO,)4(CH.COO), + CH,COO- + 9H,O 
—>NaZn(U0,).(CH,COO),:9H,0} 


Yellow 


This reaction can be considered as a specific one for the Na+ ion 
because most cations do not interfere with it. 

The potassium ion is detected by its colouring a burner flame vio- 
let, while if one looks at the flame through a blue glass, it seems to 
be coloured purple-red. The following chemical reactions are em- 
ployed: 

(a) a reaction with tartaric acid in the presence of sodium acetate: 


HOOC—CH(OH)—CH(OH)—COOH + KCl 


_> 
CH3COONa 


— HOOC—CH(OH)—CH(OH)—COOK + HCl 
White 
HCl] -++- CH,COONa — NaC] -+- CH.COOH 


To prevent the dissolving of the potassium hydrotartrate in the 
formed mineral acid (HCI), the latter is bound with sodium acetate; 


n* 
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(b) a reaction with a solution of sodium cobaltinitrite: 


Na,[Co(NO,.),] + 2K+ — K,Na[Co(NO,),l) + 2Nat* 
Yellow 


The reaction is conducted in an acetic acid: solution while rubbing 
a rod against the walls of the test tube. This reaction can be used to 
detect the potassium ion only in the absence of NH, ions, which al- 
so produce a precipitate with this reagent. Therefore, before testing 
potassium salts by the given reaction, they must be roasted to remo- 
ve possible admixtures of ammonium salts. 

Two main reactions are recommended for identifying the anions 
Cl-, Br-, and I-, namely, 

(a) a reaction with a silver nitrate solution in the presence of ni- 
tric acid: 


Cl- + Ag*+— AgCl| (white precipitate) 

Br- + Ag*— AgBr{ (white or slightly yellowish 
precipitate) 

I- + Agt > Agll (yellow precipitate) 


The nitric acid does not dissolve the silver halide precipitates. 

Since silver chlorides and bromides are sometimes difficult to dis- 
tinguish by their colour, it is recommended to test the solubility 
of these precipitates in solutions of ammonia and ammonium carbon- 
ate (NH,),CO 3. Silver chloride readily dissolves in dilute solutions 
of these substances with the formation of the relevant soluble com- 
plexes: 


White Transparent 
solution 


Silver bromide dissolves sparingly in dilute ammonia solutions, 
but does dissolve only in concentrated solutions, while it does not 
dissolve at all in an ammonium carbonate solution. 

Silver iodide dissolves neither in an ammonia nor ammonium car- 
bonate solutions; 

(b) a reaction of oxidation of the halide ions (Cl-, Br~, I~) to the 
elementary halogen. Halide ions are reducing agents in an acidic 
medium and can be oxidized to the free halogen. This property is 
used to identify bromides and iodides. 

A mineral acid, for example, hydrochloric acid, chloroform, and 
an oxidizing agent are added to a bromide or iodide solution (NaBr, 
Nal). Generally chloroamine is added as the oxidant when dealing 
with bromides, and sodium nitrite NaNO, or iron(III) chloride 
FeCl, when dealing with iodides. The reaction mixture is agitated 
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and left to settle. The chloroform layer becomes coloured yellow 
(Br,) or violet (I,), respectively: 


CL 
( \—so.ng +2HCL ——> Cl, +NaCl + { \—so.nt 
N\ 


Na 


” 


Chioroamine 


Cl, + 2NaBr — Br, -+ 2NaCl 


Yellow in 
chloroform 


4H} 
2NaNO, -+ 2Nal —— 4NaCl+ I, + 2NO}+ + 2H,0 


Violet in 
chloroform 


{Identical reactions occur with KBr and KJ). 

Chlorides (NaCl, KCl) are also oxidized to free chlorine, but since 
chlorine is volatile, this reaction is not convenient for identifying 
chlorides and is not recommended by the State Pharmacopoeia. 

Bromates (NaBrO,) and iodates (NaIO,) are often employed for 
detecting bromides and iodides. They are oxidizing agents and in an 
acidic medium oxidize Br~ and J~ to free bromine and iodine. The 
reaction is conducted in the presence of chloroform, which is col- 
oured yellow (Br,) or violet (I,): 


oNaBr + NaBrQ, —- 6HCl—> 3Br, + 6NaCl + 3H,0 
Yellow 
oNal + NalO, + 6HC] > 3], + 6NaCl + 3H,0 
Violet 


Purity Test. The State Pharmacopoeia requires that sodium and 
potassium chlorides contain no admixtures of magnesium, barium, 
and ammonium salts. Sodium chloride must not contain any admix- 
tures of potassium salts, and vice versa, because potassium and so- 
dium are antagonists in their effect. 

Impurities such as calcium, iron, heavy metals, sulphates, and 
arsenic are permitted by the State Pharmacopoeia in sodium and 
potassium chloride preparations within the limits of standard spec- 
imens because the tolerated limit of these impurities does not affect 
the therapeutic action of the preparations and does not cause any 
side eltfects. 

Bromides must contain no admixtures of barium, calcium, bro- 
mates, and iodides (toxic). 

An admixture of soluble barium and calcium salts is determined 
by adding dilute sulphuric acid to a solution of the analyte prepa- 
tration. When Ba?+ or Ca*+ (or both) are present, turbidity of the so- 


70 Inorganic Drugs 


lution will be observed owing to the formation of insoluble calcium 
and barium sulphates (CaSO, and BaSQ,). 

An admixture of iodides is determined by adding an oxidizing 
agent such as iron(III) chloride to the preparation solution: 


2FeCl, -+ 2KI — 2FeCl, + 2KCl + I, 


Brown 


When chloroform is added, the evolved iodine colours it violet. 

Bromates are the most dangerous impurity owing to their toxicity. 
They can be detected in bromides by adding hydrochloric acid. 
When bromates are present, free bromine will evolve, which col- 
ours the solution yellow: 


5NaBr -+ NaBrO, + GHC] —~ 3Br, + 6NaCl + 3H,0 


Yellow 


Admixtures of sulphates, heavy metals, and arsenic are tolerated 
in bromides within the limits of the standards. 

Jodides can contain admixtures of carbonates, cyanides, nitrates, 
iodates, and soluble barium salts. All these admixtures are poiso- 
nous, and therefore they are not tolerated in preparations. 

An admixture of nitrates is detected by reducing them to ammonia, 
which is determined organoleptically or by wet red litmus paper turn- 
ing blue: 

Zn -+- 2NaOH — Na,Zn0, + Hot 
4H, + NaNO, + NH,3+ + NaQH + 2H,0 


An admixture of iodates (NalQ,) is determined like one of bro- 
mates: 


oNaI + NalO, + 6HCl — 31, + 6NaCl + 3H,O 
Brown 
An admixture of cyanides is determined by the formation of Ber- 
lin blue: 
ICN + H,O -» HIO + HCN 
HCN --+- NaOH — NaCN + H,O 
6NaCN -- FeSO, — Na,SO, +- Na,|Fe(CN),] 
3Na,[Fe(CN),] + 4FeCl, > Fe,[Fe(CN)g]z —+ 12NaCl 


Berlin 
lue 
The State Pharmacopoeia recommends the quantitative determina- 
tion of chlorides and bromides by argentometry (by the Mohr method). 
An exactly weighed specimen of the analyte preparation is titrated 
in a neutral or weakly alkaline medium with a silver nitrate solution 
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until the precipitate acquires a brownish red colour with a K,CrO, 
indicator: 
NaCl -+ AgNO, — NaNO, + AgCl{ 
White 
2AgNO, + K,CrO, > Ag.CrO,} -+ 2KNO, 


Brownish 


The reactions with bromides proceed similarly. 

Iodides cannot be determined by the Mohr method because their 
titration is attended by the formation of colloidal systems of silver 
iodide and iodide adsorption, which hinders the establishing of the 
titration end point. This is why iodides are determined by titration 
with silver nitrate using adsorption indicators. The latter are salts 
of weak organic acids such as the disodium salt of fluorescein (I) 
or sodium eosinate (II): 


C,H,COO- 


J Il 


As the iodide is titrated with silver nitrate, a colloidal precipitate 
of AgI forms whose particlés have a high adsorptivity. The positive- 
ly charged colloidal particles adsorb the negatively charged indica- 
tor ions and at the equivalence point cause the colour of the Agl 
precipitate to change from yellow to pink. 

Storage. Chlorides, bromides, and iodides should be stored under 
conditions preventing the oxidation of these preparations, namely, 
in well sealed jars in a dry place. Iodides and bromides are usually 
stored in orange glass jars to prevent light from stimulating oxida- 
tion processes. 


Iodine (lodum) 


I Atomic mass 126.90 
Iodine (Gk iodes, violet-coloured) was discovered in 1811 by the 
French pharmacist B. Cortois in the ash of seaweeds. 
lodine is widely distributed in nature. [ts sources are sea water, 
the Earth’s crust, plant and animal organisms. It is contained in 
the form of iodates (NalQO3) in the saltpetre deposits in Chile, and in 
the form of iodides (Nal) in borehole waters. 


72 Inorganic Drugs 


Seaweeds, the residues in the production of saltpetre, and oil- 
field waters can be sources for the commercial production of iodine. 
The first two sources were used for this purpose up to the World War 
I, but since they have a low iodine content, they could not satisfy 
the demand for this preparation. This explains the acute shortage of 
iodine in many countries at that time. 

The problem of producing iodine in the USSR was solved by 
Q. Magidson and his collaborators. They proposed to use oil-field 
waters as a source for producing iodine. 

Jodine-bearing oil-field waters were known long ago, but not a 
single country in the world used this very rich source. The waters 
themselves contain a small amount of iodine (20-40 mg per litre), 
but their supplies are so large that this source has no equal as re- 
gards its profitability. 

Since the concentration of iodine in oil-field waters is very low, 
it was necessary to find a way of increasing its extraction from the 
waters. This can be done in two ways, namely, by adsorbing the io- 
dine with an appropriate adsorbent or by extracting it with an organ- 
ic solvent. Magidson chose the adsorption method. Initially starch 
was used as the adsorbent, but this increased the cost of iodine produc- 
tion, therefore activated carbon was later proposed as the adsor- 
bent. 

The process of extracting iodine from oil-field waters can be illus- 
trated schematically as follows. The iodides in the waters are oxi- 
dized to convert the ionogenic iodine to the molecular form: 


2Nal- + 2NaNO, -+ 2H.SO, — I, + 2Na,S0,-+ 2NO+ -+ 2H.0 
The evolved free iodine is adsorbed by activated carbon: 
I, + activated carbon (adsorbent) — [I], adsorbent} 


The iodine is extracted from the adsorbent by the action of reduc- 
ing agents such as sodium sulphite that converts the I, back to I-: 


[I, adsorbent] -+ Na,SO, +- H,O > 2HI + Na,SO, 


The concentration of I~ in the obtained solution at the given stage 
is already from 200 to 300 times greater than that in the oil-field 
waters. The iodide is further oxidized to the molecular form by the 
action of oxidizing agents: 


KClO, -+ 6HI — 31, + KCl] 4+ 3H,O 


At present, the demand for medical iodine is completely satisfied 
in the USSR, and it is even exported to a number of foreign countries. 
The pharmacopoeial preparations of iodine are crystalline iodine and 
a o% and 10% alcohol solution. 

Iodine is a grayish black substance occurring in scales with a me- 
tallic lustre or crystal intergrowths with a pungent odour. Iodine 
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is volatile even at ordinary temperatures. When heated, it sub- 
limes and forms a violet vapour. It dissolves sparingly in water, and 
better in alcohol and glycerin. It readily dissolves in a potassium io- 
dide solution to form potassium periodide: 


KI+ 1,— KI, 


lodine is coloured differently in different solvents, namely, in 
chloroform and carbon disulphide it is violet, in alcohol and ether 
it is brown. 

As regards its chemical properties, iodine is a weaker oxidizing 
agent than the other halogens. The reaction of iodine with a starch 
solution is a specific reaction for it: in the presence of iodine, the 
starch becomes coloured blue. 

The quality of iodine is determined by the absence of mineral im- 
purities and mechanical ones (graphite). Depending on how the iodine 
was produced, the mineral impurities can include iodine cyanides 
when the source was seaweeds, and chlorine, if Cl, was used as an 
oxidizing agent in the iodine production process. [he impurities 
are determined by the relevant analytical reactions. 

For the quantitative determination of iodine, its accurately 
weighed specimen is dissolved in a potassium iodide solution and is 
titrated with sodium thiosulphate (starch is the indicator). 

Iodine has an antimicrobic effect, therefore its solutions are 
employed for treating wounds. 

In accordance with its chemical properties, iodine is stored in bot- 
tles with ground glass stoppers (iodine erodes cork stoppers) in a cool 
place protected from light. It belongs to group B drugs. 


ov and 10% Alcohol Solution of Iodine 
(Solutio jodi spirttucsa 5% aut 10%) 


A 10% alcohol solution of iodine is prepared by dissolving it in 
95% alcohol. 

A o% alcohol solution of iodine is prepared using dilute alcohol 
with the addition of potassium iodide (2%). 

A 10% iodine solution prepared with pure 95% alcohol is not stab- 
le and after some time (6-8 weeks) the iodine content in it diminishes. 
The explanation is that the alcohol is oxidized by the iodine to an 
aldehyde, and the latter is further oxidized by the iodine to an acid. 
The solution thus has an acidic reaction: 

O 


4 
C,H;OH + I, > 2HI + CH,C—H 
‘ | 


a 
CH,C—H + I, -- CH,COOH + 2HI 
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With a view to the possible oxidizing processes in an iodine solu- 
tion during prolonged storage, a10% alcohol solution of iodine 
should be prepared for a short period (up to one month). 

When the iodine in this solution is being determined quantitativ- 
ely, the State Pharmacopoeia requires that the amount of hydroiod- 
ic acid HI possibly present in this preparation also be determined. 
For this purpose, the iodine is first titrated with sodium thiosulphate 
in the iodine solution taken for analysis, and then in the decolorized 
solution the HI is titrated with an alkali using phenolphthalein as 
an indicator. 

A 5% alcohol solution of iodine is a stable preparation, which is 
explained by the stabilizing effect of the KI present in this solution. 

Iodine is identified ind% and 10% alcohol solutions by the same 
reactions used for crystalline iodine. 

For the quantitative determination of iodine in a 5% alcohol so- 
jution, it is titrated with sodium thiosulphate: 


The State Pharmacopoeia simultaneously requires the determina- 
tion of the potassium iodide contained in the solution. After titra- 
tion of the iodine with sodium thiosulphate, the solution loses its col- 
our, sodium eosinate (an indicator) and acetic acid are added to it, 
and it is titrated with a silver nitrate solution until the liquid be- 
comes pink. Here the potassium iodide in the iodine solution is titrat- 
ed, as well as the sodium iodide formed in the titration of the io- 
dine with sodium thiosulphate: 


I, + 2Na,S$,0, ~ 2Nal + Na.S,0, 
2Nal + KI + 3AgNO,—~ 3Agl} + KNO, + 2NaNO, 


Brownish yellow 


The amount of KI in the preparation is determined from the differ- 
ence between the second and first titrations. The State Pharmaco- 
poeia requires a K] content in the preparation of at least 1.9% and 
at most 2.1%. 

The 5% and 10% alcohol solutions of iodine are employed as an- 
tiseptic and irritant (counter-irritant) agents in inflammatory diseases 
of the skin and mucous membranes. These alcohol solutions of 
iodine are also taken orally in the form of drops for the prophylaxis 
of arteriosclerosis. 

A solution of iodine and potassium iodide in water, called Lugol’s 
solution (Solutio Lugoli) is employed in medicine for smearing the 
mucous membranes of the larynx and pharynx. Alcohol solutions of 
iodine are stored in orange glass bottles (because light accelerates the 
oxidation processes) with ground glass stoppers. 
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REVIEW QUESTIONS 


1. Explain why the halogens are generally not encountered in nature in 
the free form. 

2. What chemical properties do the halogens have? 
a; Describe the physical properties of chlorine, fluorine, bromine, and 
iodine. 

4. Which of the enumerated elements is a stronger oxidizing agent and why? 

5. What role do potassium and sodium ions play in a human organism? 

6. Can sodium chloride be replaced with potassium chloride? Explain your 
answer in detail. 

7. Why should 10% alcoho] solutions of iodine be stored not longer than 
one month? Give a chemical explanation. 

8. Why should the Mohr method not be used for the quantitative determina- 
tion of iodides? 

9. Why does sodium iodide turn yellow in the air? 

) 10. Why are iodides and bromides stored in dark glass bottles in a dark 

place: 


PRACTICAL LESSON 


Analysis of a 10% Potassium Iodide Solution 


{. Conduct an identification reaction. 

To 1-2 ml of the analyte mixture add 2-3 drops of an iron(II1) chloride solu- 
tion, 2 drops of acetic acid, and 2 drops of chloroform. Agitate the solution: 
the chloroform layer turns violet. Write the equation of the chemical reaction. 

2. Carry out a quantitative determination (the Fajans method). 

Put 5 ml of the mixture into a 100-ml measuring flask, add water up to 
the mark, and mix the solution. Transfer 5 ml of the Jatter into an Erlenmeyer 
flask, add 5 mJ of 2 N acetic acid and 5 drops of a sodium eosinate indicator, and 
titrate with a 0.14 N silver nitrate solution until the precipitate becomes pink. 

Write the equation of the chemical reaction. 

3. Calculate the potassium iodide content in per cent in the solution by 
formula (1.2): 


_ yErv, _ VK X0.0166 x 100 
X= X 100= —s a9 * «(100 


Here V is the volume of a 0.1 N silver nitrate solution, mil, 7 = 0.0166 g/ml, 
and a is the volume of the preparation taken for the determination, ml. 

4, Arrive at a conclusion on the potassium iodide content in the solution 
(in per cent). 

QD. What other method can be used to determine potassium iodide quanti- 
tatively: 


Analysis of a 3% Sodium Bromide Solution 


14. Write the prescription in Latin. 

2. Conduct an identification reaction. 

To 1 ml of the mixture add 4 ml of dilute hydrochloric acid, 0.5 ml of a chlor- 
oamine solution, 1 ml of chloroform, and agitate the solution. The chloro- 
form layer acquires a yellow-brown colour. Write the equation of the chemical 
reaction. 

3. Carry out a quantitative determination (argentometry, the Mobr method). 
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Put 5 ml of the mixture into a 100-ml measuring flask, add water up to the 
mark, and thoroughly mix. Transfer 5 ml of the diluted solution into an Erlen- 
meyer flask, add 2-3 drops of potassium chromate, and titrate with a 0.1 N 
silver nitrate solution up to the formation of a brick red precipitate. Write 
the equations of the chemical reactions. 

4. Calculate the content of sodium bromide in the solution in per cent by 


formula (1.2): 


_ VKTIV; _ VE X0.010 29 x 400 
X= iy X 100 = “sara «CX «*100 


where V is the volume of the 0.1 N silver nitrate solution, ml, and 7 = 


0.01029 g/ml. 
5. Conclude whether the solution actually contains bromides, find their 


content, and establish whether the solution may be dispensed. 


Analysis of Sodium Chloride 


Control the quality of sodium chloride with respect to all its character- 
istics according to the official requirements. 


Chapter 4. Group VIA Elements 


Of the Group VIA elements, oxygen and sulphur are of interest for 
medicine. They themselves are pharmaceutical preparations, and 
some of their compounds are also of importance. 

The chemical properties of group VIA elements point to the sharp- 
ly expressed non-metallic nature of these elements. This is due to 
the outer electron layers of their atoms accommodating six electrons— 
two in the s orbital and four in the p orbital. The covalence of oxy- 
gen is generally two. But an oxygen atom having unshared electron 
pairs can sometimes be an electron donor and form additional cova- 
lent bonds. 

The group VIA elements exhibit both a negative and positive 
oxidation state in their compounds. In compounds with metals and 
hydrogen, their oxidation number is generally —2. In compounds 
with non-metals, it can be + 4 and -+ 6. Oxygen itself is an excep- 
tion. In compounds with fluorine, its oxidation number is -+ 2, 
while in compounds with all the other elements it is negative and 
equals —2. 


4.1. OXYGEN COMPOUNDS 


Oxygen (Oxygenium) 
O, M.m. 32.00 
Oxygen is a pharmaceutical preparation and is described in the 
State Pharmacopoeia. It is employed for inhalation in various kinds 
of hypoxaemia (insufficient oxygenation of the blood). 


Group VIA Elements 77 


Oxygen is the most widespread element in the Earth’s crust. 
In the free state it is contained in the atmosphere (23%), in the 
bound state it is present in water, minerals, rock, and in all sub- 
stances from which the organisms of plants and animals are built up. 

Oxygen was first obtained in the pure form by K. Scheele (1772). 
J. Priestley (England) described the most important properties of 
oxygen—its ability to support combustion, and its role in breathing. 
The French chemist A. Lavoisier, who studied the properties of oxy- 
gen in detail, established that it is a constituent part of the air. 

Oxygen is produced commercially from the air. At a temperature 
of —140 °C and a pressure of about 4 MPa, air condenses into a col- 
ourless transparent liquid; the latter is exactly what is used to 
produce oxygen, nitrogen, and the noble gases. They are separated 
by fractional distillation. 

The main laboratory method of producing oxygen is the electroly- 
sis of aqueous solutions of alkalies or acids. Here the hydrogen ions 
migrate toward the cathode, where they gain an electron and trans- 
form into neutral atoms forming hydrogen molecules. The latter are 
evolved at the cathode. 

The hydroxide ions become discharged at the anode with the for- 
mation of water and oxygen: 


2H,O = 2Ht + 20H- 
2H+ + 2e + 2H 
2H — Hot 
2OH- — 2e > H,O -++ O 


O > Ost 


Small amounts of oxygen can be produced under laboratory condi- 
tions by: 


(1) reacting potassium permanganate with a hydrogen peroxide so- 
lution in the presence of an acid: 


2KMnO, + 5H,0, + 3H,SO, > 2MnSO, -++ 50,t + K,S0, -+ 8H,0 


(2) the thermal decomposition of potassium permanganate: 
Z2KMnO, _> K.MnO, + MnO, +- O.t 


Oxygen is a colourless gas without an odour and taste. It supports 
combustion. This property of oxygen is used to identify it, namely, 
a glowing splinter introduced into a vessel filled with oxygen ignites 
and burns with a bright flame. 

The oxygen intended for medical administration must be free of 
any possible impurities. The oxygen obtained from air may contain 
admixtures of COQ,, NO, NO,, and CO. 
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Carbon dioxide CO, forms in nature in the combustion of wood and 
coal, breathing, and in decay. Especially large amounts of COQ,, 
as well as carbon monoxide CO, are discharged into the atmosphere 
in large industrial centres. The presence of CO, in oxygen is detected 
by passing the oxygen through baryta or lime water. Turbidity of 
the solution due to the formation of barium or calcium carbonates 
points to the presence of a CO, impurity: 


Ca(OH), -- CO, — CaCO,) + H,O 
White 
Ba(OH), + CO, ~+ BaCO3) + H,0 
White 
Admixtures of CO are detected by taking advantage of its reducing 
properties. The oxygen is passed through an ammonia solution of 
silver nitrate AgNO ,. If a CO admixture is present, the solution be- 
comes dark or a precipitate of free silver forms: 


CO + Ag,0 > 2Agy + CO>4 
Black 


Nitrogen oxides (NO,, NO) may appear in the air when electrical 
discharges occur in the atmosphere. 

Nitrogen oxides are detected by passing the oxygen through an al- 
kali with the subsequent addition of acidified potassium iodide. If 
nitrogen oxides are present, the solution turns yellow owing to the 
evolution of iodine. When starch is added, the liquid becomes blue: 


NO + NO, + 2KOH > 2KNO, + H,O 
2KI + H,SO, > K.SO, + 2HI 
2KNO, -+ H,SO, > K,SO, -+ 2HNO, 
2HNO, + 2HI ~ I, + 2NO+ -++ 2H,0 


An admixture of oxidizing substances such as ozone can be de- 
tected by passing the oxygen through a potassium iodide solution to 
which starch has been added. Ii ozone is present, a blue colour ap- 
pears owing to the evolution of iodine: 


The quantitative determination of oxygen is performed with the 
aid of an absorbing solution containing a copper-ammonia complex. 
A Hempel apparatus is used for this purpose. 

Oxygen is delivered to pharmacies in blue steel cylinders under a 
pressure of 120-150 atm. The cylinders must be kept in cold base- 
ments. The cocks and threading of the cylinders must never be lubri- 
cated with grease because the released oxygen can ignite organic sub- 
stances. The cocks are generally coated with talc. At the pharmacies, 
oxygen is dispensed in rubber bags provided with a long rubber tube 
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having a cock. When bags are being filled with oxygen from a cylin- 
der, the oxygen should be passed through wash bottles with water. 

Pure oxygen is used in medicine for inhalation in various types 
of hypoxaemia of the tissues, for example in poisoning by carbon 
dioxide or chlorine, in insufficient supply of atmospheric oxygen to 
the blood because of inflammatory processes or other diseases of the 
respiratory organs, in asphyxia, etc. Oxygen is administered to a 
patient via a mouthpiece (wrapped in moist gauze) connected by a 
rubber tube to an oxygen bag. 

The compounds of hydrogen with oxygen—distilled water and hy- 
drogen peroxide—are pharmacopoeial preparations. 


Distilled Water (Aqua destillata) 
H,O M.m. 18.02 


Ordinary potable water contains many organic and inorganic im- 
purities. The latter may include sulphates, nitrates, chlorides, cal- 
cium and magnesium oxides, and small amounts of ammonia. 

Natural water is thus a solution containing a multitude of various 
salts. Such water cannot be used in pharmacy practice for preparing 
medicinal agents because the salts contained in it may harm many 
pharmaceutical preparations, while organic impurities create favour- 
able conditions for the development of pathogenic microorganisms. 
This is why water purified from organic and inorganic impurities by 
distillation is used in pharmacology. Such water is called distilled. 

But distilled water almost always contains insignificant amounts 
of foreign substances that get into it either from the dust of the air 
or owing to the leaching out of the glass in which it is stored, or in 
the form of traces of the metal from which the refrigerator tubing is 
made. Moreover, gases (NH3, CQ.) dissolved in the water and some 
volatile organic compounds present in it may pass together with the 
water vapour into the receiver during distillation. Finally, salts may 
get into the distillate as a result of the entrainment of very minute 
water droplets by the vapour. 

Distilled water must be colourless, transparent, without an odour 
and taste. Its pH must be within 0.0-6.8, its specific gravity at 4 °C 
must equal 4.000, and its boiling point at a pressure of 760 mm Hg 
must be 100 °C. These properties determine the authenticity and at 
the same time the proper quality of distilled water. A number of 
tests are recommended for controlling the quality of distilled water. 
They determine the absence or tolerated limit of various impurities. 

First of all the reaction of water is tested. To do this, several drops 
of methyl red are added to a small amount of freshly distilled water: 
pure water is neutral, and therefore its colour should become yellow 
when the indicator is added. The further addition of a drop of a 
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0.04 N hydrochloric acid solution should cause a pink colour to ap- 
pear. 

To test for salt admixtures, a small amount of the water is evapo- 
rated. Pure water should leave no dry residue after its evaporation. 
A dry residue not exceeding 1 mg (0.001%) is tolerated by the State 
Pharmacopoeia after the evaporation of 100 ml of distilled water. 

Distilled water must have no positive reactions to chlorides, sul- 
phates, and salts of calcium and the heavy metals. The presence of a 
carbon dioxide impurity is also not tolerated. If the latter is pre- 
sent, it can be detected by the turbidity of lime or baryta water 
taken in an equal volume with the water. This reaction must be con- 
ducted in aclosed vessel excluding any possibility of carbon dioxide 
getting into it from the air. 

Possible admixtures of nitrates and nitrites are detected by the 
reaction with a solution of diphenylamine in sulphuric acid (a blue 
colour). For example: 


(Vn) HNO, Or) 


Dipheny!lamine Nitrosodiphenylamine 


On0- WO 


ea Ne | 


Ne aw 


+ 2NOt 


Tetraphenylhydrazine 


A salt of diphenyldiphenoquinonediimine causing the blue colour 
of the solution forms in the long run in the sulphuric acid medium: 


[O-O=OHHO 


Nitrous acid or its salt can also be detected using a reaction with 
potassium iodide in the presence of sulphuric acid: 


2KI + H,SO, > K,SO, + 2HI 
2HNO, + 2HI > I, + 2NO+ -+ 2H,0 


Brown 
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Distilled water intended for injections (Agua destillata pro injec- 
tionibus), in addition to the tests indicated above, must be tested 
for a pyrogen, i.e. various microorganisms. 

Organic (reducing) impurities in water set up conditions for the 
development in it of various mould fungi, bacteria, saprophytes, etc. 
Hence, a test for organic impurities is obligatory for distilled water. 
For this purpose, to 100 m! of the water being tested there is added 
1 ml of a 0.01 MN solution of potassium permanganate acidified with 
dilute sulphuric acid, and the water is heated up to its boiling point. 
If the pink colour of the water remains unchanged, reducing sub- 
stances are absent. Should the water contain organic impurities, the 
potassium permanganate solution loses its colour. 

Water may sometimes be contaminated with ammonia and ammo- 
nium salts. It is recommended to test it for the presence of these im- 
purities. Ammonia is usually detected by the Nessler reagent produc- 
ing a yellow or brown colour of the precipitate or liquid: 


ZG. 4 
2K,Hgl, +3KOH +NH,OH — j° tn] I” + 7KI + 3H,0 
“Hg ~ 


Distilled water may contain not over 0.000 02% of ammonia. 

It should always be stored in well sealed large bottles filled 
up to their top. The stoppers closing the bottles should be provided 
with a calcium chloride tube filled with soda lime and cotton wool 
to prevent carbon dioxide from getting into the water. Prolonged stor- 
age in glass vessels even made from chemically stable glass always 
results in contamination by leaching products. Consequently, dis- 
tilled water cannot be stored for a long time. The State Pharmacopoeia 
allows it to be stored at most three days. 


Hydrogen Peroxide (Hydrogentum peroxydi) 


H,0, M.m. 34.01 

Hydrogen peroxide was discovered by L-J. Thenard (1918) when 
performing laboratory tests. 

Hydrogen peroxide forms in nature as a result of various oxidation 
processes. It is produced commercially by the electrolysis of acid 
ammonium sulphate solutions. Here the ammonium ion NH} 
discharges at the cathode and forms NH,, while at the anode two 
ammonium sulphate residues give up two electrons and form ammo- 
nium persulphate. The latter is decomposed by water with the for- 
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mation of hydrogen peroxide: 


H.NO. 0 HNO 9 
y) Ns 2NH3 + 2 >< 
H.NO’ O Oo 9 
H.NO_ ZO HaNOL Z9 
79S Px 
~O ~ 2% 0 O 2H, 0 
——___ | seg H,0, + (NH, ).SO, + H,SO, 
a oC 
\N A 
H.NO” No H.NO” ‘No 


Ammonium persulphate 


Weak hydrogen peroxide solutions are generally obtained in this 
way. They are concentrated by vacuum distillation at room tem pera- 
ture. 

A hydrogen peroxide solution (Solutio Hydrogenii peroxydi diluta) 
containing 2.7-3.3% of H,O, is the pharmacopoeial preparation. It 
is prepared from more concentrated solutions containing 27.5-31.0% 
of H,O, and called perhydrol (Perhydrolum) and is a colourless tran- 
sparent liquid having a weakly acidic reaction. It has a smarting as- 
tringent taste and mixes with water in any proportions. 

The structural formula of hydrogen peroxide H—O—O—H re- 
veals that two oxygen atoms are bound to each other. This bond is 
not stable, which underlies the instability of the molecule. Hydrogen 
peroxide decomposes with the evolution of oxygen: 


H,0, > O + H,O 


Light, heating, an alkaline medium, and oxidizing or reducing 
agents accelerate the decomposition of hydrogen peroxide. The salts 
of some heavy metals (Cu, Mn, etc.) are especially active catalysts 
of the decomposition of hydrogen peroxide. 

To prevent or inhibit this decomposition, various stabilizers (so- 
dium pyrophosphate Na,P,O., uric, oxalic, salicylic acids, barbital, 
antifebrin, etc.) are added to a hydrogen peroxide solution. The 
pharmacopoeial preparation of hydrogen peroxide contains antifeb- 
rin (acetanilide) as the stabilizer. 

The main chemical property of hydrogen peroxide is its ability 
to exhibit both oxidizing and reducing properties. The oxidizing prop- 
erties are much stronger than the reducing ones because HO, rea- 
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dily decomposes with the evolution of oxygen: 


H 
H—O decomposition  ~% 
| ———_—=~__ 0+0 (oxidant) 
H—O L 
H 


This decomposition is favoured more by an acidic medium. 
Examples of reactions where hydrogen peroxide exhibits oxidiz- 
ing properties are its reactions with iodides and bromides: 


2K I + H,O, +- H.SO, aa I, + K.sQ, + 2H,O 
2K Br + H,0, + H,SO, — Br, + K,$O, + 2H,O 


There are other reactions characterizing the oxidizing properties 
of hydrogen peroxide, namely, black lead sulphide PbS when react- 
ed with hydrogen peroxide transforms into white lead sulphate: 

PbS| -+ 4H,0, ~ PbSO,} + 4H,O 
Black White 


Hydrogen peroxide oxidizes iron(ll) compounds to iron(II) 
ones. The latter can be detected by the formation of Berlin blue: 


2FeSO, + HO, + H.SO,; ar a Fe,(SQ,4), —- 2H,O 
3Na,]Fe(CN),] + 2Fe.(SO,4), — Fe,[Fe(CN),], + 6Na,SO, 


Berlin blue 


All these reactions can be used to confirm the identity of the prepa- 
ration. 

Hydrogen peroxide oxidizes many organic substances (hair, textile 
fibres, etc.). Its dilute solutions are used as a decolorizing and 
bleaching agent, and in medicine as a disinfectant. 

In some reactions, hydrogen peroxide exhibits reducing properties. 
For example: 

(1) when hydrogen peroxide is reacted with silver oxide precipitat- 
ed by ammonia from a silver nitrate solution, a black precipitate of 
reduced silver is observed: 

Ag,O| + H,O, > 2Ag} - H,O + O,+ 
Black 


(2) when hydrogen peroxide is reacted with an acidified solution of 
potassium permanganate, the solution becomes colourless owing to 
the reduction of the MnQjz to Mn’*’; this is attended by the vigorous 
evolution of oxygen: 

2KMnO, + 3H,SO, + 5H,0, > K,SO,-+ 2MnSO, -+ 50,4 + 8H,0 
Violet Colourless 

These reactions can also be used to confirm the identity of hydrogen 

peroxide. 


6 * 
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Hydrogen peroxide has weak acidic properties. lts acidic nature 
is confirmed by the fact that when it is reacted with the hydroxides 
of some metals, the relevant peroxides form, which can be consid- 
ered as the salts of hydrogen peroxide: 


H,0O, -4- Ba(OH), — 2H.,O + BaO, 
H,O, -- NaOH = H,O + NaHO, 


Hydrogen peroxide is also featured by its ability to form peracids 
exhibiting strong oxidizing properties: 


HO. LO 
' No% 
‘o o~ No 

2H,SO, + — | + 2H,0 
Ho” ‘No 


The identity of hydrogen peroxide is often confirmed in analysis by 
the formation of perchromic acids. The latter depending on the con- 
ditions under which the reaction is conducted vary in composition 
and have different colours but mainly blue. The State Pharmaco- 
poela recommends a reaction with potassium dichromate in an acidic 
medium for this purpose. Depending on the conditions of the reac- 
tion (temperature, H,O, concentration, etc.), perchromic acids of a 
various composition can be obtained. For example, when a 30% 
solution of H,O, is reacted with potassium dichromate cooled to 
0 °C, blue perchromic acid H,Cr,0,, is obtained: 


O—O Oo—O 


O——O O—-O 


When a hydrogen peroxide solution is reacted with a dilute solu- 
tion of potassium dichromate (at room temperature) acidified with 
dilute sulphuric acid, the product is perchromic acid HCrO, also 
coloured blue. 

Since the peroxide compounds of chromium are not stable in an 
aqueous solution and rapidly decompose, ether, in which these com- 
pounds are more stable, is added to the reaction mixture. After agi- 
tation, the ether layer acquires the relevant colour (blue, red, or 
dark violet depending on the composition of the perchromic acid or 
perchromate). When the solution is left standing, the blue colour 
turns green owing to the transition of the hexavalent chromium to 
trivalent chromium sulphate. 
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The State Pharmacopoeia also requires the identification of the 
antifebrin (acetanilide) included in the hydrogen peroxide solution 
as a stabilizer. For this purpose, a definite amount of the analyte 
solution of hydrogen peroxide is evaporated, hydrochloric acid is add- 
ed to the dry residue (antifebrin) and boiled, and then a reaction 
for a primary aromatic amine (a reaction of an azodye formation) is 
conducted: 


+ 
NHCOCH, NH, N=N uo HO 
O# OF O- Omi 
| 1° Lo HCL NH, OH 


A hydrogen peroxide preparation may have an excess acidity due 
either to the way of preparing it or to the addition of acids (oxalic, 
phosphoric, etc.) as stabilizers. This is why the State Pharmacopoeia 
establishes an acidity limit, which is determined by the titration of 
a definite volume of the preparation solution with an alkali solution. 

The most popular of the volumetric methods of determination are 
the iodimetric and permanganatometric ones based on the oxidizing 
and reducing properties of hydrogen peroxide. Permanganatometry 
is one of the most accurate and reliable techniques for its quantita- 
tive determination and can be employed both for dilute and for more 
concentrated solutions (the method has been adopted by the State 
Pharmacopoeia). 

Analysis is performed by the direct titration of an acidified solu- 
tion of hydrogen peroxide with a solution of potassium permanga- 
nate until the titration end point is reached, i.e. when the solution 
acquires a pale pink colour. 

The iodimetric method of determining hydrogen peroxide is 
based on its reaction with potassium iodide in an acidic medium. The 
evolved iodine is titrated with sodium thiosulphate. This method is 
somewhat less accurate than the permanganatometric one, but it is 
nevertheless used quite widely, especially for hydrogen peroxide con- 
centrations ranging from 1 to 6%. 

New methods of quantitative determination of hydrogen peroxide 
have been developed during recent years. In addition to the classical 
volumetric methods of analysis based on the oxidizing and reducing 
properties of hydrogen peroxide, physicochemical methods of its 
determination have appeared (gasometric, colorimetric, ultraviolet 
spectrophotometric, refractometric). 

Among the physical methods of determining the concentration of 
hydrogen peroxide solutions, the method of refractometry deserves 
mention. After measuring the refractive index of the solution, the 
hydrogen peroxide concentration is found from the relevant tables. 
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This method in addition to the volumetric ones can be used at phar- 
macies for controlling the quality of drugs. 

In medicinal practice, hydrogen peroxide is used externally as an 
antiseptic. Its antiseptic effect is due to its oxidizing properties. 
When applied to a wound, hydrogen peroxide decomposes and evolves 
oxygen in the presence of an enzyme—the catalase of the blood. 
The vigorous evolution of oxygen looks like a foam. Hydrogen per- 
oxide is employed to arrest the bleeding of wounds. 

The properties of hydrogen peroxide determine the conditions for 
its storage—in orange glass bottles. The glass must have a negative 
test for alkalinity. The bottles should be closed with wax-coated or 
glass stoppers. The preparation should be stored in a cool place pro- 
tected from light. Concentrated solutions are still more unstable, 
therefore perhydrol is stored in bottles coated inside with wax (a 
rough surface can accelerate the decomposition of the hydrogen per- 
oxide). The bottles are usually kept in boxes with sawdust or sand. 


4.2. SULPHUR COMPOUNDS 


Sulphur is an essential element in the human organism. It is con- 
tained in the epidermis, muscles, pancreas, and hair. Sulphur enters 
the composition of certain amino acids and peptides (cysteine, glu- 
tathione) that participate in tissue breathing and catalyze enzyme 
processes. Sulphur promotes the deposition of glycogen in the liver 
and lowers the sugar level in the blood. 

Precipitated sulphur (Sulfur praecipitatum) is the official sulphur 
preparation. [t is a pale yellow fine amorphous powder having no 
odour and insoluble in water. It is administered in the form of 9%, 
10%, and 20% ointments as a mild irritant and antimicrobic agent 
in the treatment of skin diseases. 

Sulphur compounds (such as MgSO,-7H,O and Na,SO,-10H,O) 
are employed as laxatives. Another sulphur compound used in 
medicine is sodium thiosulphate—a detoxicating and desensitizing 
agent. 


Sodium Thiosulphate (Natru thiosulfas) 


Na ,5,0,:0H,O M.m. 2438.17 
Sodium thiosulphate is not a natural product, it is synthesized. 
It is produced commercially from the residues of the gas industry. 
This method, notwithstanding its multiple-stage nature, is profit- 
able economically because it utilizes the residues of gas production 
and, particularly, the lighting gas formed in the coking of coal. 
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Lighting gas always contains an admixture of hydrogen sulphide, 
which is trapped by absorbents such as calcium hydroxide. The prod- 
uct is calcium sulphide: 


Ca(OH), + H,S > CaS + 2H,0 


But the calcium sulphide in the course of its formation becomes 
hydrolyzed, therefore the reaction proceeds somewhat differently, 
with the formation of calcium hydrosulphide: 


CaS + 2H,O0 > Ca(OH), + H,St 
2Ca(OH), + 3H,S > CaS + Ca(SH). + 4H,O 
The calcium hydrosulphide is oxidized by the oxygen of the air 
to calcium thiosulphate: 
Ca(SH), + 20, -> CaS,0, + H,0 


Fusion of the calcium thiosulphate with sodium sulphate or carbo- 
mate yields sodium thiosulphate Na,S.QO3: 


CaS,0, + Na,CO, > Na.$,0, + CaCO,} 
White 

Evaporation of the solution produces crystals of sodium thiosul- 
phate, a pharmacopoeial preparation. 

Sodium thiosulphate(II) forms colourless transparent crystals 
with a bitter salty taste. It dissolves very readily in water. At 
20 °C, it melts in its crystallization water. In its structure, it is a 
salt of thiosulphuric acid (I): 


2 = O 
H-S pp \/ 

A AN 
H—O O Na—O O 


Na 


I II 


A glance at the formulas of these compounds reveals that the oxi- 
dation state of sulphur atoms in their molecules varies. One sulphur 
atom has an oxidation state of +6, and the other of —2. The pres- 
ence of sulphur atoms in different oxidation states explains the prop- 
erties of these compounds. Having S*- in a molecule, sodium 
thiosulphate exhibits reducing properties. 

Like thiosulphuric acid itself, its salts are not stable and readily 
decompose under the influence of acids, and even of such weak ones 
as carbonic acid: 


Na.5.0, - CO, — H,O —_> Na,CO, + H,8.03, 
H,S.0;—>~ SS} +580,4-+ H,0 
Pale yellow 
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This property of sodium thiosulphate to be decomposed by acids 
‘with the precipitation of sulphur is employed for identification of 
the preparation. When hydrochloric acid is added to a sodium thio- 
sulphate solution, turbidity of the solution is observed owing to the 
precipitation of sulphur: 


Na,S,0, + 2HCl + 2NaCl + SO, + H,O+ Sj 
Pale yellow 


A specific reaction of sodium thiosulphate is that with a silver 
nitrate solution. A white precipitate (silver thiosulphate) appears 
that rapidly turns yellow. When left standing, the precipitate be- 
comes black under the influence of the atmospheric moisture owing 
to the evolution of silver sulphide: 


Na,$.0, + 2AgNO, > Ag,$.03} + 2NaNO; 
White 
Ag,5.0, > Ag,SO, + S}{ 
Ag,SO, + S-+ H,O + Ag,S| + H.SO, 
Black 


Should a black precipitate form immediately after sodium thio- 
sulphate has reacted with silver nitrate, the preparation is contami- 
nated by sulphides; the latter react with the silver nitrate and a sil- 
ver sulphide precipitates: 


The pure preparation when reacted with a silver nitrate solution 
does not turn black immediately. 

The reaction of sodium thiosulphate with an iron(III) chloride 
solution can also be used as an identification reaction. A product is 
violet iron(IIJ) thiosulphate. The colour rapidly disappears because 
of the reduction of this salt to colourless iron(II) salts (FeS,O, and 
FeS ,O,): 


2FeCl, + 3Na,S,0, > 6NaCl + Fe,(S,03)5 


Violet 
Feo(S.03)3 _ FeS,0, - Fes,0, 
Violet Colourless 
solution 


Sodium thiosulphate is a reducing agent when it reacts with io- 
dine. The iodine accepts electrons from the S2- and is reduced to 
I-, while the sodium thiosulphate is oxidized by the iodine to so- 
dium tetrathionate: 
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Chlorine is reduced to hydrogen chloride by sodium thiosulphate: 


Light 
yellow 
Cl, -+ 2e > 2Cl- 


S2- — Qe > 8? 


With an excess of chlorine, the evolved sulphur is oxidized to 
sulphuric acid: 


The overall reaction is: 
4Cl, + Na,S,0, + 5H,0 -> 2NaHSO, + 8HCl 


The use of sodium thiosulphate to absorb chlorine in the first gas 
masks was based on this reaction. 

The preparation must not contain admixtures of arsenic, selenium, 
carbonates, sulphates, sulphides, sulphites, and calcium salts. 
The State Pharmacopoeia allows admixtures of chlorides and salts 
of heavy metals within the limits of the standard. 

Sodium thiosulphate is determined quantitatively by the iodimet- 
ric method based on its reaction with iodine. The State Pharmacopoe- 
ia requires a sodium thiosulphate content of at least 99% and at 
most 102% of the indicated amount (owing to the tolerated limits of 
weathering of the preparation). 

The use of sodium thiosulphate is based on its property of evolv- 
ing sulphur. The preparation is employed as an antidote in poison- 
ing by halogens, cyanogen, and hydrocyanic acid: 


[H+] 
KCN -+ Na,$,0,; ——* KSCN + Na,SO, 


The formed potassium thiocyanate is much less poisonous than 
potassium cyanide. This is why sodium thiosulphate should be taken 
as first aid in poisoning by hydrocyanic acid or its salts. The prepa- 
ration can also be used in poisoning by arsenic, mercury, and lead 
compounds, because it converts them into non-poisonous sulphides. 

M. Demyanovich proposed using the reaction of sodium thiosul- 
phate with hydrochloric acid to heal itch. The formed finely dis- 
persed sulphur and the sulphur dioxide that has a high parasiticidal 
effect stop the itching and kill the itch mite: 


Na.8.0, + 2HC]l - 2NaCl-+ SO0,4+-+ Sj -+ HO 
Light yellow 


Sodium thiosulphate is administered intravenously in allergic dis- 
eases, arthritides, and neuralgy in the form of a 30% aqueous solu- 
tion. The State Pharmacopoeia indicates a 30% sodium thiosulphate 
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solution for injections (Solutio Natrii thiosulfatis 30% pro injectioni- 
bus). The preparation is available in powders and in ampoules con- 
taining 5, 10, or 50 ml of a 30% solution. 

Sodium thiosulphate contains crystallization water that readily 
weathers, therefore it should be stored in a cool place in well closed 
dark glass bottles because light facilitates its decomposition. Stored 
solutions with time become turbid because of the evolution of sul- 
phur. This process is accelerated in the presence of carbon dioxide. 
This is why stoppers in bottles with sodium thiosulphate solutions 
are provided with a calcium chloride tube filled with soda lime that 
absorbs CQg,. 


REVIEW QUESTIONS 


4. How can the non-metallic nature of the oxygen subgroup elements be 
explained? 

2. Why does oxygen exhibit a negative valence of two in most compounds? 

3. What are the increased requirements to the purity of oxygen due to? 

4. What underlies the quantitative determination of oxygen? 

5. Why are the cocks of cylinders containing oxygen coated with talc in- 
stead of grease? 

6. What are the chemical properties of hydrogen peroxide? 

7. In what two ways does hydrogen peroxide decompose? 

8. What properties of hydrogen peroxide are used for its identification? 

9. For what purpose is ether added when hydrogen peroxide is identified 
by reacting it with potassium dichromate? 

10. What colour does the ether layer acquire and why? 

414. How can the green colour of the water layer be explained? 

12. What properties of hydrogen peroxide are employed for performing 
its quantitative analysis? 

13. What requirements must the storage of hydrogen peroxide meet and why? 

14. What are the chemical properties of sodium thiosulphate and what are 
they due to? 

15. Why does sodium thiosulphate first produce a white precipitate and 
then a black one when reacted with a silver nitrate solution? Write the equa- 
tions of the reactions. 


PRACTICAL LESSON 


Analysis of a 3% Hydrogen Peroxide Solution 


1. Carry out an identification reaction. 

To 4 ml of the analyte solution add 1 ml of dilute sulphuric acid, 1 ml of 
ether, and 0.5 ml of a potassium dichromate solution: the ether layer acquires 
a blue colour. Write the equation of the chemical reaction. 

2. Perform a quantitative determination (by the permanganatometric 
method). 

Put 10 ml of the analyte solution into a 100-ml measuring flask, add water 
up to the mark, and thoroughly stir. Transfer 20 ml of the diluted solution into 
a flask for titration, add 5 ml of a sulphuric acid solution, and titrate with 
a 0.1 N potassium permanganate solution until a pale pink colour appears. 
Write the equation of the chemical reaction. 
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3. Calculate the content of hydrogen peroxide in per cent in the solution 


by formula (1.2): 


_ VATY, _ VK X0.0047 x 400 
A= av, 100=——54 2200. ”* 100 


where V’ is the volume of the 0.1 N potassium permanganate solution, ml, 7 = 
0.0017 g/ml, and a_ is the volume of the preparation taken for the deter- 
mination. 

The content of H,O, in the preparation should be 2.7-3.3% (State Phar- 
macopoeia). 

4. Conclude whether hydrogen peroxide has actually been submitted for 
analysis, what its content in per cent is, and whether it corresponds to the 
requirements of the State Pharmacopoeia and can be dispensed. 

5. Propose other possible methods for the quantitative determination of 
hydrogen peroxide. Write the equations of the reactions. 


Analysis of Distilled Water 


Control the quality of distilled water with respect to all the indices in accor- 
dance with the official requirements. 


Chapter 5. Group VA Elements 


The Group VA elements including nitrogen, phosphorus, arsenic, anti- 
mony, and bismuth are of interest for medicine. The outer layer of 
an atom of these elements has five electrons, therefore their ability 
to attach electrons is much weaker than that of the elements of 
Groups VIA and VIIA. Onthe other hand, the Group VA elements 
donate electrons more readily than those of Groups VIA and VIIA, 
and therefore their oxygen compounds are more stable. 

Consequently, the Group VA elements exhibit both a positive and 
negative oxidation states. The highest positive oxidation state of 
these elements is + 5, and the negative one is —9. 

Owing to the relatively lower electronegativity, the bond of the 
given elements with hydrogen is less polar than that of Group VIA 
and VIIA elements. As a result, the hydrogen compounds of the ele- 
ments being considered do not detach hydrogen ions in an aqueous 
solution and consequently have no acidic properties. 


5.1. NITROGEN COMPOUNDS 


The nitrogen compounds employed in medicine include an agque- 
ous ammonia solution, ammonium salts, nitrous oxide, and sodium 
nitrite. The latter two are described in the State Pharmacopoeia. 
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Nitrous Oxide (Vitrogenium oxydulatum) 
N =N—>O 


N,O M.m. 44.04 

Nitrous oxide (dinitrogen oxide or “laughing gas’) was discovered 
by J. Priestley (1776). It is prepared by the thermal decomposition 
of ammonium nitrate. Decomposition of the salt begins at 190 °C 
following the reaction 


12) 


NH,NO, — 2H,O + NO + 37.68 kJ 


The nitrous oxide obtained in this way contains nitrogen oxides 
as impurities. The latter are removed by passing the gas through 


a number of absorbents. 
Purer nitrous oxide can be produced by heating sulphamic acid 


with a 73% nitric acid solution: 


H.N O HO oO 
\ \Y 
AX + HNO, —» NO + x +H20 
HO “Oo HO’ ‘dD 


Nitrous oxide is a colourless gas heavier than air with a char- 
acteristic odour and a sweetish taste. I[t supports combustion. A 
glowing splinter introduced into nitrous oxide ignites with a bright 
flame. This property of nitrous oxide can be used to identify it. 

To distinguish nitrous oxide from oxygen, which also supports 
combustion, equal volumes of it and nitric oxide are mixed, and no 
red smoke should appear (State Pharmacopoeia). Nitrous oxide dis- 
solves well in water. 

The inhalation of small amounts of nitrous oxide dulls the sensi- 
tivity to pain, which explains its use (mixed with oxygen) as an an- 
aesthetic. 

Large amounts of nitrous oxide have a stimulating effect on the 
nervous system, which explains its commonly used name “laughing 
gas’. Nitrous oxide is more volatile than other substances with a sim- 
ilar action (ether, chloroform). It is rapidly excreted from the or- 
ganism, thus producing less side effects. This is its advantage over 
other anaesthetics. 

Since nitrous oxide is used for anaesthesia, it must be free of any 
possible impurities including carbon dioxide, hydrogen arsenide, 
phosphide, and sulphide, halogens, oxidizing and reducing substances, 
bases and acids. These impurities are detected by passing the 
nitrous oxide being analysed through a number of absorber bottles 
with water to which the relevant reagents have been added that givea 
characteristic reaction with one of the impurities. For example, ba- 
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ryta water becomes turbid in the presence of CQ,, a silver nitrate 
solution produces opalescence in the presence of halides, a potassium 
permanganate solution loses its colour when reducing substances 
are present in the oxide, and so on. 

Moreover, nitrous oxide may be contaminated with uncondensed 
gases (nitrogen oxides, ammonia) that are determined quantita- 
tively with the aid of a special instrument. 

Nitrous oxide is liquefied under a pressure of 150-225 atm and is 
poured into steel cylinders. It is stored in cylinders with a capacity 
of 10 litres, coloured gray, at a pressure of 30 atm. When the cock is 
opened, the nitrous oxide escapes and transforms into the gaseous 
state. [t is fed into rubber bags, from which it is inhaled by patients. 
Nitrous oxide should always be administered in a mixture with oxy- 
gen (up to 20-25%), because in the pure state it rapidly causes as- 
phyxia. 


Sodium Nitrite (Natrit nitris) 
NaNO, M.m. 69.00 


The industrial production of sodium nitrite is associated with the 
production of nitric acid. The nitrogen oxide formed in the produc- 
tion of nitric acid is converted to the dioxide NO,, which is ab- 
sorbed by sodium carbonate (or an alkali) to form sodium nitrate and 
nitrite: 

2NO, + Na,CO, — NaNO; + NaNO, + CQ,} 


After the nitrite has been separated by fractional recrystalliza- 
tion, the nitrate can be used to produce the nitrite by reducing it 
with lead: 


NaNO, + Pb > NaNO, +- PbO 


When the sodium nitrite has been purified from possible admix- 
tures (chlorides, sulphates, heavy metals, arsenic) until their con- 
tent is within the tolerated value, the preparation is allowed to be 
used. 

Sodium nitrite is a white crystalline substance with a pale yellow 
tint. It readily dissolves in water, forming solutions with a weakly 
alkaline reaction. It dissolves sparingly in alcohol. It is hygroscopic. 

The oxidation state of the nitrogen in sodium nitrite is -+3, 
i.e. it is intermediate between the lower and higher (+5) oxidation 
states of nitrogen. Consequently, sodium nitrite exhibits an oxidiz- 
ing and reducing properties. They are illustrated by the following 
reactions: 


2KMnO, + 5NaNO, + 3H,SO, > K,SO,-+ 2MnSO, + 5NaNO, + 3H,0 


Violet Colourtess 
solution 
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In this reaction, the sodium nitrite is a reducing agent. 

In reactions with bromides and iodides in an acidic medium, so- 
dium nitrite exhibits oxidizing properties (it oxidizes the iodide 
ion, for example, to molecular iodine): 


2NaNO, + 2KI + 4CH,COOH 
+ 2NO4 + 2CH,COONa + I, + 2H,O + 2CH,COOK 


Brown 


These reactions can be employed to identify the preparation, al- 
though they are not pharmacopoeial ones. 

To identify sodium nitrite, the State Pharmacopoeia recommends 
the reactions of detecting the sodium ion (see the reactions of identi- 
fication of sodium halides, p. 67) and the nitrite ion. The latter is 
detected by: 

(a) a reaction with diphenylamine in an acidic medium to form an 
organic bright blue dye (see the reactions for determining impuri- 
ties in distilled water, p. 80); 

(b) a reaction with antipyrine in an acidic medium with the for- 
mation of nitrosoantipyrine imparting an emerald green colour to 
the solution: 


HO==C—CHs NaNO, ON—C=-C—CH, 
2G, -N—-CH3; ~~ HCL an ale 


C,H; CoH; 
Nitrosoantipyrine 


(c) the evolution of red-brown nitrogen oxide vapour when dilute 
sulphuric acid is added to a sodium nitrite solution: 


NaNO, + H,50, ~_ NaHSO, ~- HNO, 
2HNO, > NO4 + NO,4 + H,0 


The content of the preparation is determined by iodimetry. The 
sodium nitrite is oxidized by potassium permanganate, the excess of 
which is determined iodimetrically (the pharmacopoeial method): 


5NaNO, -+ 2KMnO, + 3H,SO, > 5NaNO, -+ 2MnSO, + K,SO, + 3H,0 
2KMnO, + 10KI -+ 8H,SO, > 51, + 6K,SO, + 2MnSO, + 8H,O 
I, + 2Nagoo05 —+ 2Nal +. Napo40g 


Sodium nitrite is taken orally or subcutaneously as a vasodilator 
in angina pectoris and migraine. It is generally available for subcuta- 
neous injections in ampoules in the form of a 1% solution. 
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Sodium nitrite is also used as an antidote in cyanide poisoning. 
In this case, it is introduced intravenously in the form of a 1% solu- 
tion up to 0 ml. Nitrites are very poisonous if taken in large amounts. 

The preparation should be stored with care. It is hygroscopic and 
readily oxidizes in the air and inthe light, therefore it should be 
stored in well closed orange glass jars in a dry and dark place. The 
drug is listed in Group B. 


5.2. ARSENIC COMPOUNDS 


Arsenic has been known to mankind from ancient times. Already 
in the 8th century its compounds were known to Arabian chemists, 
while in the 9th century Avicenna described arsenous anhydride in 
his works. 

T. Paracelsus was the first to use arsenic compounds for medici- 
nal purposes. Arsenic and its compounds in small doses are valuable 
drugs having a tonic effect on an organism. They increase metabo- 
lism and improve the state of an organism. 

In the free state, arsenic is rarely encountered and in very insig- 
nificant amounts. Thus, it is contained in negligibly small amounts 
in animal and plant organisms and in the Earth’s crust (about 
0.0005 % ). It is found most often in nature in the form of its sulphur 
compounds, namely, realgar (red arsenic) As,S, and orpiment As,5s3, 
and also in the form of compounds with many metals—iron, cobalt, 
nickel, copper, and silver. Among them, arsenic is encountered most 
frequently in the form of mispickel (sulpharsenide of iron) Fe,As,S,, 
and the arsenic is produced by roasting the latter without the access 
of air. 

Metallic arsenic is a silvery gray substance with a typical metallic 
Justre. Arsenic burns in air with a blue flame to form arsenous oxide 
As,O, having a characteristic smell of garlic. Arsenic forms two ox- 
ides, As.O, and As,O;, in which it has a positive oxidation state of 
+3 and +09, respectively. Both As(II]) and As(V) compounds are 
pharmacological preparations. Arsenous anhydride As,O3, often 
called white arsenic, is such a preparation. 

Two acids correspond to arsenic(III) oxide, namely, ortho-arseno- 
us H,AsO, and meta-arsenous HAsO, acids. Their salts are called ar- 
senites. 

A solution of potassium arsenite KAsO, called Fowler’s solution 
is used in medicine. This preparation, like arsenous anhydride As,QOsg, 
is described in the State Pharmacopoeia. 

Arsenic acid H,AsO, corresponds to arsenic(V) oxide As,O;. 
Its disubstituted salt, sodium arsenate Na,HAsO,-7H,0O is a pharma- 
copoeial preparation. 
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Arsenous Anhydride 
(Acidum arsentcosum anhydricum) 


As,O, M.m. 197.84 
Arsenous anhydride is rarely found in the free state because it is 
readily oxidized. 
It is prepared by roasting the sulphur compounds of arsenic gen- 
erally found in nature in a stream of air: 


2AS353} + 90, _> 2A8,051 —- 6SO0,4 
Yellow White 


The arsenous anhydride is purified by sublimation. Depending on 
the temperature at which the sublimation is carried out, two modifi- 
cations of the anhydride can be obtained, namely, a vitreous and a 
porcelain-like ones. The vitreous form of the anhydride is obtained 
when sublimation is performed at 200-300 °C. At lower sublimation 
temperatures, the porcelain-like form is obtained. These two modifi- 
cations can transform into each other. 

Arsenous anhydride forms heavy white porcelain-like or vitreous 
pieces, and sometimes a heavy white powder. It dissolves very slow- 
ly in water, readily in hydrochloric acid, and in solutions of alkalies 
and alkali metal carbonates. This indicates that it is an ampho- 
teric oxide: 


As,O, + GHCl + 2AsCl, + 3H,0 
As,0O; + K,CO, ~ 2K AsO, 4+ CO, 


When heated, arsenous anhydride sublimes and settles on the walls 
of the test tube in the form of white very minute transparent crys- 
tals. 

When arsenous anhydride is reacted with sodium sulphide in an 
acidic medium, a yellow precipitate or gel of arsenic(III) sulphide 
forms: 

As.Q3 -- 6HCl _ 2AsCl, +- 3H,O 
Yellow 


The arsenic(III) sulphide readily dissolves in an ammonia solu- 
tion, in alkali metal hydroxides, and concentrated nitric acid, and 
is insoluble in hydrochloric acid: 


As,S, + 6NH,OH — (NH,)3AsS, + (NH,),AsO, + 3H,O 
(NH,),AsS, -+ (NH,);AsO, + GHCl — As,S,) + 3H,0 + 6NH,Cl 
Yellow 
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These reactions are used to identify the preparation and are phar- 
macopoeial ones. Other reactions can also be used to identify the 
preparation: 

(a) an iodine solution oxidizes As(IIJ) to As(V); the solution loses 
its colour owing to the reduction of the I, to HI: 


As,O, +21, +[2H,O = As,0, + 4HI 


To prevent the reverse reaction, sodium bicarbonate is added to 
neutralize the formed hydroiodic acid: 


HI + NaHCO, — Nal + CO,+-+ H,O 


(b) copper salts (a copper sulphate solution) when added to an ar- 


senous anhydride solution form a_ yellow-green precipitate of 
CuHAsO, (Scheele’s green): 


As,Q0 5 + 3H.O -- 2CuSO, “> 2CuHAsOs} sf 2H,SO, 


Yellow-greea 


The precipitate dissolves in an excess of an alkali to form a light 
blue solution; when the latter is heated, red copper(I) oxide CuO 
precipitates. 

An admixture of arsenic(III) sulphide As,S, is not tolerated in the 
preparation. To detect such an impurity, the preparation is dissolved 
in ammonia, and if it contains arsenic(III) sulphide a transparent 
solution of soluble thiosalts forms. The addition of a mineral acid 
to this solution causes a yellow precipitate to appear. 

Arsenous anhydride is determined quantitatively in the prepara- 
tion either by the bromatometric (State Pharmacopoeia) or iodimet- 
ric method. Both methods take advantage of the oxidation of As(III) 
to As(V). 

In bromatometry, the arsenous anhydride is titrated with a potas- 
slum bromate solution in an acidic medium using a methyl! red in- 
dicator until the solution loses its colour: 


AS,QOg +- 3H.,0 —> 2HzASQO,g 


HCl 
6HsAsO3 + 2K BrO, ——--—> 6H,AsOg + 2K Br 


At the equivalence point, an excess drop of the solution of potas- 
sium bromate KBrO, evolves free bromine which decolorizes the in- 


dicator: 
KBrO, + 5KBr + 6HCl — 3Br, -+ 6KCl + 3H,O 


In iodimetry, arsenous anhydride is titrated with a 0.1 N iodine 
solution in the presence of sodium bicarbonate. The amount of iodine 
used for titration allows one to find the content of the arsenous anhy- 
dride. 

Arsenous anhydride is administered externally and orally. It is 
used externally to treat certain skin diseases. In stomatology, it is 
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employed for necrosis of the pulp. It is prescribed in pills for treat- 
ing anaemia, emaciation, and neurasthenia. It is included in the 
composition of Blaud’s pill with arsenic. The highest tolerated sin- 
gle dose for adults taken orally is 0.005 g, and the highest daily dose 
is 0.015 g. 

It is stored locked up in well closed bottles labelled “Poison”. 
It is listed in Group A. 


Sodium Arsenate (Vairii arsenas) 


Na,HAsO,-7H,O M.m. 3412.04 

Sodium arsenate is produced by oxidizing arsenic(III) oxide to ar- 
senic(V) oxide, which is then treated with sodium carbonate. Gen- 
erally nitric acid is used as the oxidizing agent. It is reduced to vola- 
tile nitrogen oxides, and the main product of the reaction is purer: 


AsO, -+ 2HNO, — As,0, -+ H,0 -+ NO,t + NO+ 
As,O0,; +- 2Na.CO, +- H,O —_> 2Na,HAsO,{ + 2CO of 


Sodium arsenate forms colourless, odourless crystals that readily 
weather in the air. Weathered crystals acquire a dull appearance. It 
dissolves well in water. better in hot water. [It dissolves slightly in 
alcohol. Aqueous solutions have an alkaline reaction to litmus. 

The drug is identified by the following reactions: 

(a) with a silver nitrate solution; when the latter is added to a so- 
lution of the drug, dark brown silver arsenate precipitates (unlike 
As**, when the precipitate is yellow): 


Na,HAsO, -+ 3AgNO, > AgsAs0,} + 2NaNO, + HNO, 


Dark brown 


The precipitate dissolves in a solution of ammonia and nitric acid; 

(b) with a magnesial mixture; when a solution of a magnesium salt 
(for example, MgSO,), and a solution of ammonia and ammonium 
chloride are added to a solution of the drug, a finely crystalline white 
precipitate of magnesium and ammonium arsenate MgNH,AsO, 
forms: 

NaHAsO, -+ MgSO, + NH,0H ~ MgNH,As0,| + Na,SO, + H,O 
White 


These two reactions are official ones. 
In addition to the above reactions, other identification reactions 


can be used, for example: 
(1) an iodine solution does not lose its colour when added to a so- 
lution of the drug, which does occur when it is added to compounds 


of arsenic(III); 
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(2) asolution of the drug when potassium iodide is added in an 
acidic medium becomes brown owing to the evolution of free iodine: 


2Na,HAsO, + 8HC] + 4K1-> 2], 4- As,O, + 4KCl -+ 4NaCl + 5H,O 


Brown 


(3) when a solution of the drug is reacted with an ammonium mo- 
lybdate solution in the presence of nitric acid with heating, a yellow 
crystalline precipitate of ammonium arsenomolybdate appears: 


Na,HAsO, -+ 12(N H,4),.MoO, + 23HNO, 
— (NH,),;AsO,:12M00,} + 24NH,NO, + 2NaNO, -+ 12H,O 


Yellow 


The proper quality of the drug is determined by the absence of ad- 
mixtures of carbonates, nitrates, and arsenites. Admixtures of chlo- 
rides and sulphates are tolerated in an amount not exceeding the 
standard. These impurities are detected by the reactions customarily 
employed for this purpose. 

The content of sodium arsenate in the drug is determined by iodi- 
metry (State Pharmacopoeia). The method is based on the ability of 
As(V) to reduce to As(III): 


2Na,HAsO, + 4KI + 8HCI] > As,O, + 21, + 4NaCl + 4KCl + 5H,0 
1, + 2Na,S,0, -> 2Nal + Na,8,0, 


The drug is used in the form of a 0.5-1.0% aqueous solution for 
subcutaneous injections (Solutio Natrii arsenatis 1% pro injectioni- 
bus), which is a colourless odourless liquid. 

It is employed as a general tonic and for stimulating haemopoiesis 
(blood formation) in emaciation, anaemia, and neurosis. The high- 
est single subcutaneous dose is 0.01 g, the highest daily dose is 
0.2 g. It is stored in a locked cupboard. It is listed in Group A. 

Since the drug contains crystallization water, it is very important 
to ensure proper storage conditions to prevent weathering of the wa- 
ter. Otherwise the arsenic content in a dose will grow, which may 
cause poisoning. 


5.3. ARSENIC ANTIDOTE 


All arsenic compounds are very poisonous. Arsenic poisoning re- 
sults in a sharp collapse, muscular weakness, and in the long run 
paralysis and death. In acute arsenic poisoning, apomorphine is giv- 
en subcutaneously as an emetic, and gastric lavage is used. A prep- 
aration called arsenic antidote (Antidotum Arsenici) can be employed. 
It is a mixture of burnt magnesia and iron(III) sulphate. These 
substances are kept separately in a pharmacy and are poured to- 
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gether when needed. The reaction of these two substances form 
iron(III) hydroxide Fe(OH), and magnesium sulphate MgSQ,: 


3MgO ++ Fe,(SO,)3 + 3H,O — 2Fe(OH),) + 3MgSO, 


It is exactly the freshly precipitated iron hydroxide that is the 
antidote because with arsenic it forms iron(III) arsenite FeAsO,— 
a compound insoluble in the gastric juice. Moreover, the freshly pre- 
cipitated iron hydroxide adsorbs arsenic compounds, while the mag- 
nesium sulphate formed in the reaction acts as a purgative and fa- 
cilitates the excretion of the poison from the organism. This is why 
it is recommended to prepare this antidote ex tempore because only 
freshly precipitated iron hydroxide has adsorbing properties. 

A more efiective means in arsenic poisoning is the antidote against 
metals (Antidotum metallorum). It is a supersaturated alkaline solu- 
tion of hydrogen sulphide in water with the addition of magnesium 
sulphate. The!preparation is dispensed in 100-ml bottles. Its compo- 
sition (in grammes) is H,S—0.95-0.7, NaOH—0.1, NaHCO,—1.25, 
and MgSO,—0.338. 

The mechanism of action of this antidote consists in that the rea- 
gent forms insoluble compounds with arsenic, and therefore these 
precipitates are not absorbed by the organism. In acute arsenic poi-~ 
soning, the administration of this antidote is preceded by giving 3 g 
of citric or 4 g of tartaric acid, or 1.5 tablespoons of vinegar essence 
diluted in 300 ml of water. It is recommended to drink albumin wa- 
ter in this case. 


5.4. REACTIONS FOR DETECTING ARSENIC ADMIXTURES 
IN DRUGS 


Arsenic is very often an exceedingly undesirable admixture in 
drugs. [t may get into drugs from the material of the apparatus used 
in the production of the relevant preparation, or together with the 
raw material, solvents, etc. 

Owing to the very poisonous nature of arsenic and its admixtures, 
special sensitive reactions are employed to detect insignificant 
amounts of arsenic in medicinal preparations regardless of its oxid- 
ation state. 

Among the existing tests for detecting admixtures of arsenic in 
drugs, the Gutzeit, Bougeau, and Thiele tests have found the great- 
est use in pharmaceutical analysis. They are based on the ability of 
arsenic to be reduced from its compounds either to free arsenic form- 
ing an amorphous brown precipitate (the Bougeau and Thiele 
test), or to hydrogen arsenide (arsine), which is detected by the for- 
mation of complexes with a solution of silver nitrate or mercury di- 
chloride having a characteristic colour (the Gutzeit test). 
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Gutzeit test. The drug assumed to contain arsenic as an impurity 
is placed in a test tube, and metallic zinc and a dilute mineral acid 
are added to it. The evolving hydrogen reduces the arsenic to hydro- 
gen arsenide AsHg. The test tube is covered with filter paper wetted 
with a silver nitrate solution. 

The formed hydrogen arsenide reacts with the silver nitrate to 
form a complex producing a yellow spot on the paper. Moisture 
causes the complex to decompose with the evolution of free silver that 
darkens the filter paper: 


AsH, + 6AgNO, — AsAg 3-3AgNQO 3 -+ 3HNOs 
Yellow 
AsAg,-3AgNOQ, -+ 3H,O0 > H,AsO, + 6Ag) + 3HNO, 
Black 


The Gutzeit test has a number of limitations, however. [t cannot 
be used for drugs which in addition to admixtures of arsenic are pre- 
sumed to contain antimony, phosphorus, or mercury and silver, be- 
cause under these conditions they will also be reduced and mask the 
detection of arsenic. 

Moreover, a silver nitrate solution has a low stability with respect 
to light and moisture. All this made it necessary to modify the Gut- 
zeit test and use other reagents instead of silver nitrate. 

The State Pharmacopoeia recommends a variant of the Gutzeit 
test modified by F. Fluckiger, P. Lehmann, and V. Skvortsov. The 
filter paper is impregnated with an alcohol solution of mercury di- 
chloride that reacts with hydrogen arsenide to form the complex 
As(HgCl),-Hg,Cl,. The latter colours filter paper orange red. 

The use of a mercury dichloride solution} makes the test more 
sensitive and enables one to detect thousandths of a milligramme of 
arsenic. 

Bougeau and Thiele test. In this test, arsenic compounds are reduc- 
ed to elementary arsenic by sodium hypophosphite in an acidic me- 
dium with heating. Depending on the arsenic concentration, a brown 
precipitate or a dark brown liquid forms: 


NaH,PO, + HCl -» NaCl + H,PO, 
2H,PO0, —>~ PH, -+ H,P0O, 
PH, -- As,O, —_> 2As{ + H,PO, 


Brown 


This test, although it is less sensitive than the preceding one (the 
maximum sensitivity of the reaction is 0.01 mg of arsenic in 10 ml 
of the reaction mixture), can be used to detect arsenic in the presence 
of compounds of antimony, phosphorus, lead, and of sulphides, 
which are not reduced by hypophosphorous acid. 
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REVIEW QUESTIONS 


1. Explain why Group VA elements can exhibit both positive and negative 
oxidation states. 

2. Why do the hydrogen compounds of Group VA elements have no acidic 
properties? 

3. How can nitrous oxide be distinguished from oxygen? 

4. Why does sodium nitrite run in the air? Explain this phenomenon from 
the chemical viewpoint. 

5. What are the requirements for the storage of sodium nitrite and why 
are they needed? 

6. What causes the indicator (methyl red) to lose its colour in the bromato- 
metric determination of arsenous anhydride? 

7. What can happen to the crystallization water when storing sodium 
arsenate? 


PRACTICAL LESSON 


Analysis of a 10% Solution of Sodium Thiosulphate 


4. Perform identification reactions. 

(a) Add two or three drops of a silver nitrate solution to 1 ml of a solution 
of the preparation; a white precipitate forms that rapidly turns yellow, then 
brown, and finally black; 

(b) add a solution of hydrochloric acid to 2-3 ml of a solution of the 
preparation: a yellow precipitate forms. 

Write the equations of the chemical reactions. 

2. Carry out a quantitative determination. 

Transfer 10 ml of the preparation into a 100-ml measuring flask, add water 
up to the mark, and agitate the mixture. Transfer 10 ml of the diluted solution 
into an Erlenmeyer flask and titrate with a 0.1 N iodine solution up to a pale 
yellow colour. 

3. Calculate the content of sodium thiosulphate in per cent in the solution 
by formula (1.2): 


_ VKTV; VEX 0.0248 x 100 
A= ay, * 100= a5 x40. 


where V is the volume of a 0.1 N iodine solution, ml, 7 = 0.0248 g/ml, and a is 
the volume of the preparation taken for the determination, ml. 

4. Conclude whether the analyte solution is actually sodium thiosulphate, 
and establish its content in per cent. 


<x 100 


Chapter 6. Group IIIA Elements 


The Group IIJA elements include boron, aluminium, gallium, indi- 
um, and thallium. 

The outer electron layer of an atom of these elements contains 
three electrons. Therefore the tendency to attach electrons to make 
up a stable layer of eight electrons is not characteristic of them. 
This is why they do not exhibit a negative oxidation state in their 
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compounds. The metallic properties of the elements being consid- 
ered are expressed more weakly than in the corresponding elements 
of Group [IIA and especially of Group IA, while boron mainly has 
non-metallic properties. 

Boron, aluminium, gallium, and indium have an oxidation state 
of + 3 in their compounds. However, the metallic properties of the 
elements in this group become more pronounced with an increase in 
their atomic mass and atomic number. Boron has clearly ex- 
pressed non-metallic properties, while aluminium, gallium, and in- 
dium are metals with amphoteric properties. The metallic properties 
of thallium are still more pronounced. Among the Group IISA ele- 
ments, only boron and aluminium are of importance in medicine. 
Some of their compounds are used as drugs. 


6.1. BORON COMPOUNDS 


Boron is a quite widespread element in nature. It is contained in 
many minerals. It is found in nature chiefly in the form of oxygen 
compounds, the most abundant of which are boric acid and its var- 
ious salts. The best known of the latter is borax, or tincal 
Na,B,0,-10H,0O. 

Boron is one of the numerous microelements playing a definite 
physiological role. It is known that boron metabolism is to some ex- 
tent associated with that of potassium. 

Boron compounds are used in medicine in the form of boric acid 
and borax, which have a disinfecting action. 


Boric Acid (Acidum boricum) 
H;BO; M.m. 61.83 


Boric acid is produced commercially from boron-containing min- 
erals (for example, ascharite Mg,B,0;-H,O) by reacting them with 
concentrated sulphuric acid: | 


Mg.B,0,-H.0 + 2H,SO, > 2MgSO, + 2H,BO, 


This boric acid is contaminated with admixtures of sulphates of 
the elements accompanying the boron minerals (sulphates of calcium, 
magnesium, aluminium, iron, etc.) and requires purification. 

Boric acid yields sparingly soluble salts with all cations except 
the alkali metals. These metals, depending on the conditions, react 
with boric acid to form various borates, the most significant of 
which are metaborates of the type MeBO, and disubstituted tetrabo- 
rates Me,B,0O,;. The latter: include borax Na,B,0,-10H,O, from 
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which boric acid is produced for medical purposes. T’o this end, a hot 
borax solution is treated with a mineral acid: 


Na,B,O- + H,SQ, + 3H,O —_> Na,sQ, +- 4H,BO, 


Pure boric acid forms colourless, transparent, flaky crystals feel- 
ing greasy, or a fine white crystalline powder without an odour. 
It dissolves poorly in cold water and well in hot water. It is soluble 
in alcohol (1:25) and slowly in glycerin (1:7). In prolonged heating 
up to 100 °C, boric acid loses part of its water and transforms into 
metaboric acid: 


HO 
Ne t=100 ow 
_—> 


HO 


Heating to a higher temperature transforms the boric acid into 
tetraboric acid H,B,O,, and after passing through the stage of a vit- 
reous fused body, it loses all its water and transforms into boric 
anhydride: 


oft 77 On off" oH 
Ho-k 4 b-offi = "HOH ' OH sa 
bn OR oft -~-~ Or 
4 
O 


When dissolved in water, all these compounds again transform in- 
to boric acid. 

Many reactions exist for detecting boron in its compounds. They 
vary in their sensitivity and mainly use organic reagents. The most 
widespread is the reaction with alcohol in the presence oi concentrat- 
ed sulphuric acid (a water-removing agent). The product is triethyl 
borate, which burns with a flame having a green fringe: 


OH C,H;,O 1H OCH, 
7 neo = H, SO, 
HO;—-B—,OH + €,H,;O pH -3H.0 H;C,0-—B—OC.H; 
_ 2 
C,H,O'H 


This reaction is an official one. Another way of detecting boron 
in its compounds is a reaction with curcumin, which was one of the 
first reagents to be used to detect boric acid. 
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Curcumin is an organic substance prepared from an extract of the rhizome 
of Curcuma domestica. It is a yellow-orange crystalline substance. When dis- 
solved in aqueous solutions of alkalies, a reddish-brown colour results; when the 
solution is acidified, it turns light yellow. Generally curcuma paper is used for 
the reaction. It is conventional filter paper impregnated with au alcoholic 
extract of curcumin and dried without the access of acid or ammunia vapour. 


The boric acid solution to be analysed is applied cnto curcuma pa- 
per along with a few drops of hydrochloric acid. A pink or brownish- 
red colour appears in the acidic medium depending on the boric 
acid concentration. The addition of an ammonia solution causes a 
greenish-black colour to appear. 

The yellow dye curcumindiferuloy]methane contained in Curcu- 
ma domestica exists in two tautomeric forms: 


Ce 
“ 
10 _)-cret ch, cuson—{" on = 
OCH; ; OCH, 

y 9M 

Cc. UC 
_. aN 
—= rod) Hash CH = CH=CH & OH 

OCH, I OCH, 


Curcumindiferuloy!methane 


Only the tautomer in the enol form (11) is presumed to directly 
enter into a complexing reaction with boron to form the red complex 
rosocyanine: 


HOW, OH 
o~ ~o 
lA 
oN 
HO—~ CH=CH eo CH=CH H 
H 
OCH; OCH, 
Rosocyanine 


This reaction is also recommended by the State Pharmacopoeia 
for detecting boron in its compounds. 

The determination of boron with curcumin is interfered with by 
elements like iron, molybdenum, and tungsten that react under the 
same conditions with curcumin to form similarly colowied com- 
plexes. This reaction in also interfered with by oxidizing agents that 
can oxidize the curcumin. The State Pharmacopoeia tolerates impu- 
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rities of calcium, iron, heavy metals, arsenic, and sulphates in the 
preparation in an amount not exceeding the standards. Pure boric 
acid should completely dissolve in hot water and alcohol. 

Of the chemical methods for the quantitative determination of 
boric acid, the greatest popularity has been won by the method of 
neutralization based on the titration with an alkali of the com- 
plexes of boric acid with polyatomic alcohols or sugars. 

Boric acid is a very weak acid. Its dissociation constant is A, = 
6 x 10-!¢ (at 20 °C); under these conditions, the equivalence point 
in the titration of boric acid with an alkali is at pH 11. In this 
region of the pH, it is difficult to find an indicator that would give a 
sharp change in colour. On the other hand, when alkalies react with 
boric acid, salts of tetraboric acid H,B,O0, and in the long run of 
metaboric acid HBO, form instead of the expected salts of orthobo- 
ric acid H,BO,. Consequently, if boric acid is titrated with an alka- 
Ji, the formed salt of metaboric acid hydrolyzes: 


As a result, the reaction of the solution becomes alkaline consid- 
erably before the equivalence point is reached. Thisis why direct ti- 
tration of boric acid with an alkali with the required accuracy is al- 
most impossible. To enhance the acidic properties of boric acid, it is 
reacted with polyatomic alcohols or sugars (glycerin, mannitol, dul- 
citol, sorbitol, etc.) to form complexes having stronger acidic prop- 
erties than boric acid itself. These compounds can be titrated with 
the required accuracy in the presence of phenolphthalein. 

The composition and properties of the glyceroboric complex have 
been studied better than those of mannitoboric ones, therefore the 
State Pharmacopoeia recommends the use of glycerin in titration. 
The predominating form of the glyceroboric complex in a solution is 
considered to be HBGI, (where HB stands for boric acid, and Gl 
for the glycerin residue), which is titrated with sodium hydroxide 
like a monobasic acid: 


CH,OH CH,OH CH;0OH 
| | NaOH 
2 CHOH + H ————— — — ==> 
H \ ; 
H.C—O” O—CH, 
CH,OH CH,0H 
SN 
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The obtained salt may hydrolyze. This causes the medium to be- 
come alkaline, and therefore the equivalence point is reached ear- 
lier than it should be. With this in view, the glycerin is added to the 
titration mixture at the end of titration. If the pink colour does not 
vanish, this indicates that the colour is due to an excess of the ti- 
trant, and not to hydrolysis. If the colour does vanish, it is necessary 
to add glycerin and continue titration. 

In the quantitative determination of boric acid, freshly boiled wa- 
ter containing no carbon dioxide must be taken for dissolving the 
sample. The sodium hydroxide solution employed for titration must 
also be free of carbon dioxide because it can affect the change in the 
colour of the phenolphthalein. Boric acid should be titrated at room 
temperature because its complex with glycerin can decompose at a 
higher temperature. | 

Boric acid has antiseptic properties, and this underlies its use in 
medicine. It is employed in the form of a 2-3% solution for gargling, 
in ointments and powders; 1-2% aqueous solutions are used in oph- 
thalmology. Boric acid was previously used for preserving food prod- 
ucts, but this is now prohibited because it has been established that 
boron compounds are poisonous. Boric acid requires no special con- 
ditions for its storage. 


Sodium Tetraborate. Borax 
(Natrit tetraboras. Borax) 


Na,B,0,-10H,O M.m. 381.37 
Sodium tetraborate is encountered in nature in the free state as 
the mineral tincal, which is the sodium salt of tetraboric acid: 


O O 
a Na np,” “pe . 
NaO BS >B—O BS >B—ONa + 10,0 


Sodium tetraborate, or borax, is produced from borocalcites or bo- 
ric acid by reaction with an aqueous solution of sodium carbonate or 
sodium hydroxide: 

CaB,O, + Na,CO3 > CaCO} + Na,B,0, 
4H,BO, + Na,CO, > Na,B,0, + CO,+ -+- 6H,O 
4H,BO, + 2NaOH -> Na,B,0, + 7H,0 


A crystalline powder can be obtained by concentrating a borax 
solution. When roasted, borax loses all its water and transforms into 
burnt borax (Borax usta). 

The pharmacopoeial preparation of borax is colourless, transpa- 
rent, readily weathering crystals or a white crystalline powder. Bo- 
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rax dissolves well in water, better when the latter is hot. It dis- 
solves readily in glycerin and is insoluble in alcoho]. Aqueous borax 
solutions have a strongly alkaline reaction owing to hydrolysis. 
Borax participates in all the reactions characteristic of boric acid. 
Unlike the latter, it colours a flame yellow (Na). 
Hydrochloric acid precipitates boric acid from a hot borax solu- 
tion; the acid crystallizes out when the solution is cooled: 


Na,B,0,-10H.0 + 2HCl —> 4H,BO, + 2NaCl + 0H,O 


Borax must contain no admixtures of carbonates, while the admix- 
tures of arsenic, chlorides, sulphates, and iron must not exceed the 
amounts indicated in the State Pharmacopoeia. 

Borax is determined quantitatively by neutralization: it is titrat- 
ed with a0.1 N solution of hydrochloric acid using methyl! orange as 
the indicator. The State Pharmacopoeia requires a borax content in 
a preparation of at least 99.5 and at most 103.0% of the stipulated 
amount. 

Borax is employed like boric acid as an antiseptic in the form of 
1-2% solutions. 

The preparation should be stored in well closed jars in a coo] 
place to prevent the weathering of the crystallization water. 


REVIEW QUESTIONS 


, 1. Why is sulphuric acid added in the reaction of formation of triethyl 
orate: 

2. Can triethyl borate form when an alcohol reacts with a boric acid solu- 
tion without the addition of concentrated sulphuric acid? 

3. Why is glycerin added in the quantitative determination of boric acid? 
Write the equation of the chemical reaction. Determine the nature of the bonds 
in the formed compound. _ 

4. What is the pH of glycerin and aqueous solutions of sodium tetraborate? 
What, significance does this have in the preparation and dispensing of the 

rugs 


PRACTICAL LESSON 


Analysis of Boric Acid 


1. Perform identification reactions: 

(a) wet curcuma paper witha solution of the preparation and several drops 
of 2 N hydrochloric acid; when the paper is dried a pink or brownish-red 
colour is observed that becomes greenish-black if the paper is wetted with an 
ammonia solution; 

(b) an alcohol solution of the preparation burns with a flame having a 
green fringe. 

Write the equation of the chemical reactions. 

2. Carry out a quantitative determination (the neutralization method). 
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Transfer a sample with a mass of 0.05 g into a conical flask for titration, 
dissolve it with slight heating in 20 ml of water, cool, add 5 ml of glycerin, 
5 drops of phenolphthalein, and titrate with a 0.1 N solution of sodium hy- 
droxide until a pink colour appears. 

Write the equation of the chemical reaction. 

3. Calculate the content of boric acid in the preparation in per cent by 
formula (1.4): 


__ VET 


X= x 40) = VK x 0.006 18 


a 0.05 


where V is the volume of the 0.4 N sodium hydroxide solution, ml, and 7 = 
0.006 18 g/ml. The State Pharmacopoeia tolerates a content of H,sBO, of 
at least 99.5%. 

Note. Transfer the sample into the flask only via a funnel; dissolve the 
sample either in hot water or with slight heating; before adding the 
glycerin and phenolphthalein, cool the solution (under a stream of 
cold water); titrate slowly drop by drop, and against a white back- 
ground. 

4, Having completed work, write the equations of the identification and 
quantitative determination reactions, and conclude that boric acid was indeed 
what was analysed. 

Compare the content of the analysed boric acid with the requirements of the 
State Pharmacopoeia. Conclude whether it can be used to prepare drugs. 


x 100 


Analysis of Powders of 0.2 g of Sodium Tetraborate 
and 0.05 g of Sodium Chloride 


{. Write the prescription in Latin. 

2. Conduct a quantitative determination: 

(a) Sodium chloride (Mohr’s method): 

transfer 0.1 g of the mixture into a titration flask, dissolve in 10 ml of hot 
water,’ cool the solution, add two drops of a potassium chromate solution and 
titrate with a 0.4 N silver nitrate solution until a flesh-coloured precipitate 
forms. Write the equations of the chemical reactions. 

(b) Sodium tetraborate (the neutralization method): 

transfer 0.4 g of the mixture into a titration flask, dissolve in 10 ml of hot 
water, cool the solution, add two drops of methyl orange, and titrate with 
a 0.4 N hydrochloric acid solution until a pink colour appears. 

3. Calculate the sodium chloride content in grammes in a packet of powder 
by formula (4.3): 


__VKTb _ VK X0.005 845 x 0.25 


a 0.1 


where V is the volume of the 0.1 N silver nitrate solution, ml, 7 = 0.005 845 g/ml, 
a is the mass of the sample, g, and 6 is the mass of one powder, g. 

Calculate the sodium tetraborate content in grammes in a packet of powder 
by formula (1.3): 


Xx 


_ VK X0.019 07 X 0.25 
Od 


where V is the volume of the 0.4 N hydrochloric acid solution, ml, and T = 
0.019 07 g/ml. 

4. Compare the resultSwith the prescription and conclude whether the medi- 
cinal preparation*may be dispensed. 

5. Propose reactions for the identification of sodium tetraborate and sodium 
chloride. Write their equations. 


xX 
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Chapter 7. Group II Elements 


The atoms of Group II elements have two electrons in their outer elec- 
tron layer that are at a considerable distance from the nucleus. These 
two electrons are therefore easily detached from the atoms, and 
the latter transform into positive doubly charged ions. 

The difference in the structure of the last but one outer layer in a 
number of Group II elements explains the existence of two subgroups, 
namely, the main one (Group IIA) including the alkaline-earth me- 
tals (beryllium, magnesium, calcium, strontium, barium, radium), 
and the secondary one (Group IIB) including the transition elements 
zinc, cadmium and mercury. 

All the elements in Group IJA except for beryllium and radium have 
very pronounced metallic properties. The alkaline-earth ele- 
ments (calcium, magnesium, and barium) are light metals and are 
highly reactive. 

The larger the atomic mass, the more electrically positive is the 
metal. Barium is just as strong a reducing agent as the alkali 
metals. The oxides of the alkaline-earth metals react with water to 
form hydroxides whose solubility grows from beryllium hydroxide 
to barium hydroxide. The basic nature of these compounds increases 
in the same sequence. 

The Group IIB elements (Zn, Cd, Hg), like the Group JIA ones, 
exhibit an oxidation state of +2, but there is also a difference be- 
tween them due to the different radii of their atoms and different ion- 
ization potentials. The metallic properties of Group IIB elements 
decrease Irom zinc to mercury. Their hydroxides are insoluble in wa- 
ter and have weakly basic properties. 

The elements Mg, Ca, Ba, Zn, and Hg are of interest for medicine. 
All of them are contained in the most important drugs. 

The most toxic of the Group JI elements is barium in its soluble 
compounds, which are employed only as reagents and poisons to 
combat insects and rodents. Barium sulphate is used in medicine; 
it is virtually insoluble in any solvent (see Sec. 7.3). 


7.1. MAGNESIUM COMPOUNDS 


Magnesium is widely found in nature. Having a comparatively 
high chemical activity, it is not encountered in the free state, but 
mainly in the form of carbonates, in the widespread minerals dolomite 
MgCO,-CaCO, and magnesite MgCO,. Magnesium is also contained 
in many silicates, for example talc 3MgO-4Si0,-H,O, and its salts 
are encountered in the soil, in natural water, especially sea water, 
and in many mineral springs. 
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The significance of magnesium in the development of life on the 
Earth is very great. It is contained in the green plant pigment chlo- 
rophyll, and thus participates in the process of photosynthesis by 
plants. 

Magnesium compounds play a considerable role in the activity of 
the central nervous system of living organisms. In its physiological 
action, magnesium is an antagonist of calcium. Magnesium salts 
cause narcosis and paralysis, while calcium compounds abolish this 
effect. Conversely, the action rendered by calcium salts is abolished 
by magnesium. 

Magnesium oxide, burnt magnesia, basic magnesium carbonate, 
white magnesia, magnesium trisilicate, and magnesium sulphate 
are pharmacopoeial preparations of magnesium. The first three 
preparations exhibit an antacid action, i.e. are taken to lower the 
acidity of the gastric juice. They act in the same way as very mild 
purgatives. Magnesium sulphate is used as a tranquilizer, spasmo- 
lytic, and purgative agent. 


Magnesium Sulphate (Magnes sulfas) 


MgSO,-7H,O M.m. 246.50 

Magnesium sulphate was first used as a drug in England, where it 
was produced from the water of mineral springs at Epsom. Unlike 
other preparations, magnesium sulphate has a bitter salty taste. (It 
is also called Epsom salts, after its origin.) 

Magnesium sulphate is quite abundant in nature in the form of 
kieserite MgSO,-H,O (MgSO,-7H,O), which is a constant satellite 
of rock salt NaCl. A large amount of magnesium sulphate is con- 
tained in sea water. 

The preparation is obtained from magnesite MgCO, by treating 
it with sulphuric acid: 


MgCO, + H,SO,— MgSO, + CO,t + H,O 


The solution is concentrated by evaporation up to crystallization, 
and the product is MgSO,-7H,O. It forms colourless prismatic cry- 
stals weathering in the air. It dissolves well in water and does not 
practically dissolve in alcohol. 

The preparation is identified by reactions for the cation Mg?+ 
and anion SO{~. The main reaction for Mg?+ recommended by the 
State Pharmacopoeia is the formation of the double salt ammonium 
and magnesium phosphate when the preparation is reacted with di- 
sodium hydrogen phosphate in the presence of ammonium chloride: 


MgsO, |. Na,HPO, + NH,OH —> MgNH,P0,{ + Na,SO, + HO 
White 
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If this reaction is conducted on a slide, the magnesium ammonium 
phosphate crystals (MgNH,PQ,) rapidly form a crystallohydrate 
with six molecules of water. Under a microscope, these crystals 
have a definite shape, which identifies the preparation. 

Among organic reagents used to detect the magnesium ion Mg*+, 
8-hydroxyquinoline is the most widespread and specific one. When 
it is added together with an ammonia solution and ammonium chlo- 
ride NH,Cl to magnesium compounds, it yields greenish yellow mag- 
nesium hydroxyquinolate. The sulphate ion in the preparation is de- 
tected by a solution of barium chloride, which produces a white pre- 
cipitate of barium sulphate: 


_ SS al 
+ MgSO, +2NH,OH —— L + 
N~ NN UN 
O Mg—-——_——_-O 


OH 


“+ (N Hy),.50,4 -- 21,0 
MgSO, + BaCl, — MgCl, + BaSO,{ 


Since magnesium sulphate is taken orally, and in large doses, the 
State Pharmacopoeia contains strict requirements to its purity. The 
most dangerous admixture is arsenic. The content of this impurity 
must not exceed 0.0002%. The content of other possible admixtures 
such as chlorides, heavy metals, and moisture is also tolerated within 
the prescribed limits, 

Natural ; magnesium compounds are sometimes coloured green 
owing to admixtures of iron compounds, and since these minerals 
are used to produce magnesium preparations, the latter may also 
have a slight colour. This is why the State Pharmacopoeia requires 
that the transparency and colour of a magnesium sulphate solution 
be determined. 

The preparation used for injections (Solutio Magnesii sulfas 
20% aut 25% proinjectionibus) is tested for the presence of manga- 
nese. 

The quantitative determination is conducted by the complexono- 
metric method. 

Magnesium sulphate is widely used in medicine as a purgative. 
It is taken orally in a dose of 15-30 g. 

In the parenteral use of magnesium sulphate, it has a tranquiliz- 
ing action on the central nervous system. At a concentration of the 
preparation in the blood of 9-10 mg/litre, a soporific effect occurs, 
and at 15-18 mg/litre—a narcotic state. Larger concentrations may 
cause depression of respiration. 

Magnesium sulphate is employed: 
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(1) as a spasmolytic agent in hypertension in the form of a 25% 
solution (subcutaneously); 

(2) as a parturifacient in doses of 10-20 ml of a 20% solution (in- 
tramuscularly); 

(3) as an anticonvulsive agent in the same doses as in (2); 

(4) as a bilogenic agent in the form of a 20-25% solution (orally). 

In cases of depression of respiration due to an overdose, a 10% 
calcium chloride solution is introduced intravenously. 

Magnesium sulphate is produced in a powder and in ampoules 
containing 2.5, 10, and 20 ml of a 25% solution. 


7.2. CALCIUM COMPOUNDS 


Calcium is one of the most widespread elements in nature. Owing 
to its high chemical activity, it is found in nature only in the bound 
state. It occurs in the form of numerous deposits of limestones, chalk, 
and marble, which are natural varieties of calcium carbonate CaCQ,. 
It is also encountered in large amounts in gypsum CaSO,-2H,0O, 
phosphorite Ca,(PO,),, and various calcium-containing silicates. 

All the natural calcium compounds, especially carbonates, are 
used as sources for preparing medicinal preparations of calcium, mar- 
ble being employed the most frequently for this purpose as the purest 
material free of admixtures. Calcium plays an important role in the 
vital activities of an organism. I[t is contained in tooth tissues, 
bones, nerve tissues, muscles, and blood. Calcium ions promote the vi- 
tal activities of cells, facilitate the contraction of the skeletal and 
cardiac muscles, and are needed for the formation of bone tissue and 
the process of blood coagulation. 

A decrease in the calcium ion concentration in the blood increases 
the stimulation of the muscles, which sometimes results in convul- 
sions. Solutions of calcium salts eliminate the itching caused by an 
allergic state, therefore they are related to antiallergic drugs. 

The calcium compounds used in medicine include calcium oxide 
(burnt lime), burnt calcium sulphate (burnt gypsum), precipitated 
calcium carbonate (precipitated chalk), calcium chloride, and salts 
of organic acids (calcium glycerophosphate, calcium gluconate, etc.). 
Calcium chloride is a pharmacopoeial preparation. 


Calcium Chloride (Calcit chloridum) 


CaCl,-6H,O M.m. 219.08 
Calcium chloride intended for medicinal purposes is produced by 
treating calcium carbonate (marble) with hydrochloric acid: 
CaCO, + 2HCl -> CaCl, + CO,.4 + H,O 
8—01542 
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The carbon dioxide volatilizes, and pure calcium chloride 
CaCl,-6H,O crystallizes from the water. 

Natural calcium carbonate is often accompanied by admixtures of 
magnesium and iron which when treated with hydrochloric acid 
transform into the complex salt MgCl,-FeCl,. To purify the prepara- 
tion from these salts, the obtained calcium chloride solution is sat- 
urated with gaseous chlorine and then treated with calcium hydro- 
xide; the iron(II) chloride FeCl, is oxidized to iron(Iil) chloride 
FeCl,; and the following reactions occur: 


2FeCl, + 3Ca(OH), > 2Fe(OH),{ + 3CaCl, 


Brownish-red precipitate 


MeCl, + Ca(OH), > Mg(OH),} + CaCl, 
White gelatinous 
precipitate 

The above reactions reveal that the solution becomes enriched in 
calcium chloride, while the admixtures precipitate in the form of iron 
and magnesium hydroxides. The solution is poured off the precipi- 
tate and evaporated. The calcium chloride crystallizes in the form of 
the crystallohydrate CaCl,-6H,O (calcium chloride hexahydrate). 

Pharmacopoeial calcium chloride forms odourless colourless pris- 
matic crystals with a bitter salty taste. It dissolves very readily in 
water, and this process is attended by great cooling of the solution. 
It dissolves readily in 95% alcohol. The preparation is very hygro- 
scopic and runs in the air. At 94 °C, it melts in its crystallization 
water. Aqueous solutions have a neutral reaction. When heated to 
200 °C, it loses part of its crystallization water and transforms into 
calcium chloride dihydrate CaCl,-2H,O, which vigorously absorbs 
moisture from the air and runs. Calcium chloride dihydrate CaCl], x 
2H,O differs in its appearance from the pharmacopoeial prepara- 
tion in that it forms porous, very light pieces. It is used to dry gases. 
When heated to 800 °C, it loses its crystallization water completely. 
Anhydrous calcium chloride is used to dry liquids except for ether 
and alcohol because it forms complex compounds with them of the 
type CaCl,-3C,H.OH. 

Since the preparation is highly hygroscopic and can run in humid 
air, its composition is not constant. This may result in an inaccur- 
ate dosage when preparing drugs containing calcium chloride. With 
this in view, a 00% solution (Calcium chloratum solutum 50%) is 
prepared at pharmacies, and this concentrate is used to prepare the 
required drugs. 

The preparation is identified by reactions for the cation Ca?* 
and the anion Cl~. A very sensitive reaction for Ca** is that with am- 
monium oxalate, which is an official one: 

(NH,).C,0, -+ CaCl, > CaC,0,) + 2NH,Cl 
White 
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The precipitate is soluble in mineral acids and is insoluble in ace- 
tic acid. 

In addition to the official reaction, other reactions can be used to 
identify calcium chloride. An example is the formation of a white 


precipitate when the preparation is reacted with sulphuric acid or al- 
kali metal sulphates: 


CaCl, + H,SO, > CaSO,) + 2HCl 
White 

CaCl, + Na,SO, > CaSQO,) + 2NaCl 
White 


The calcium sulphate precipitate dissolves in ammonium sulphate 
with the formation of a colourless complex: 


CaSO, + (N H,4).S0,4 > (N Hy) .lCa(SO4)o] 


Calcium salts impart a brick red colour to the flame of a burner. 
No admixtures of soluble salts of barium, iron, aluminium, and of 
phosphates are tolerated in the preparation. Other possible impuri- 
ties such as sulphates, heavy metals, arsenic, and magnesium salts 
are tolerated within the limits established by the relevant standards. 

The content of the substance in the preparation is determined by 
complexometric titration using the indicator Acid Chrome Dark 
Blue (State Pharmacopoeia). The indicator reacts with Ca?” in an al- 
kaline medium with the formation of a red-violet complex. In ti- 
tration with Na-EDTA, the colour of the solution at the equivalence 
point changes to bluish lilac. The content of pure calcium chloride 
in the preparation must be at least 98.0%. 

The literature also describes other methods for the quantitative 
determination of calcium chloride, namely, the photometric, fluo- 
rometric, and gravimetric (oxalate) methods. 

Calcium chloride is used very widely in medicine: 

(1) as a haemostatic in pulmonary, gastric, nasal, and uterine 
haemorrhages; 

(2) in surgery to improve the coagulation of blood; 

(3) in allergic diseases (bronchial asthma, urticaria) for eliminating 
the itching; 

(4) as an antidote in poisoning by magnesium salts. 

The preparation is administered orally in the form of a 5-10% 
solution, or intravenously in a dose of 5-10 ml of a 10% solution. 
It is dispensed in ampoules containing 5 or 10 ml of a 10% solution, 
and alsoin small well sealed glass jars with a stopper sealed with 
wax. Similar jars should be used to store the preparation in dry pre- 
mises. Calcium chloride solutions must never be introduced subcuta- 
neously or intramuscularly because this may result in necrosis. 


Q* 
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7.3. BARIUM COMPOUNDS 


Barium occurs in nature chiefly in the form of sulphates and carbo- 
nates, forming the minerals barite BaSO, and witherite BaCQ3,. 
Barium is among the very active elements, it rapidly oxidizes in the 
air, vigorously reacts with water, and enters into reactions with 
many elements. 

Of the barium salts, only barium sulphate is used in medicine. It 
is virtually insoluble in water, acids, alkalies, and organic solvents, 
and is therefore not poisonous. 

All the soluble barium salts (chlorides, bromides, iodides, nitrates, 
cyanides) are very toxic, and this is why they are not employed in 
medicine. The barium salts that are insoluble in water, but soluble 
in hydrochloric acid (BaCQs, BaS) are also toxic because when they 
get into the acidic medium of the gastric juice, they transiorm into 
the soluble salt barium chloride (BaCl,). 

The use of barium sulphate in medicine is based on its imperme- 
ability to X rays, which is employed in roentgenology for obtaining 
contrast X-ray photographs and in the radioscopic investigation 
of the alimentary tract. It is taken in doses of 50.0-100.0 g in a 
mixture with water (a “barium meal”). This substance fills the stom- 
ach and is opaque to X rays. After a definite time, the substance is 
completely excreted from the organism. Barium sulphate is a phar- 
macopoeial preparation. 


Barium Sulphate for Radioscopy 
(Bartt sulfas pro roentgeno) 


BaSO, M.m. 233.43 

To produce barium sulphate for radioscopy, natural barium carbo- 
nate (witherite) is used. It is treated with hydrochloric acid to yield 
soluble barium chloride BaCl,. Sodium or magnesium sulphate is 
added to the solution of this salt, and a barium sulphate precipi- 
tate forms immediately: 


White 


To obtain finely dispersed barium sulphate, a linseed or some other 
mucous concoction is added tothe barium chloride and sodium sul- 
phate solutions. It plays the role of a protective colloid when the bari- 
um sulphate forms. The barium sulphate precipitate is thoroughly 
rinsed to remove impurities, especially chloride ions. If Cl- is de- 
tected in the effluent, it can be presumed that the preparation contains 
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an admixture of soluble barium chloride. The preparation is also 
rinsed to remove the ion SO%-. 

Barium sulphate is a white friable heavy powder without an odour 
or taste. It cannot be identified directly because it is insoluble. This 
is why barium sulphate is first transformed into soluble compounds 
that dissociate with the formation of the ions Ba** and SO;-. For this 
purpose, the preparation is heated with sodium carbonate: 


BaSQ, —- Na,CO, > BaCO,{ + Na,50, (a) 


The precipitate is filtered off, and SO{- is determined in the fil- 
trate by adding barium chloride, which produces a white precipitate 
of barium sulphate: 


Na,SO, + BaCl, > BaSO,} + 2NaCl 
White 


The barium carbonate precipitate of reaction (a) is treated with 
hydrochloric acid to transfer it into a soluble salt (barium chloride) 
in which the Ba** ion is easily identified by precipitating it with sul- 
phuric acid: 

BaCO, -+ 2HCl > BaCl, + CO, + HO 
BaCl, -+ H,SO, > BaSO,) + 2HCl 
White 


These reactions are official ones. 

Volatile barium salts (BaCl,) colour a burner flame yellow-green. 

Barium sulphate is taken orally in large doses (50-100 g), therefore 
the State Pharmacopoeia contains strict requirements to the purity 
of the preparation. It must contain no admixtures of barium salts 
soluble in water (BaCl,) or in acids (BaCQ,, Bas). 

No admixtures of sulphites and arsenic are tolerated in the prepara- 
tion. Arsenic may get into it if sulphuric acid, which may contain ad- 
mixtures of arsenic, was used to produce it instead of sodium or mag- 
nesium sulphate. The State Pharmacopoeia tolerates admixtures of 
chlorides, sulphates, and heavy metals in the preparation within the 
prescribed limits. 

To detect possible impurities, several extracts are made from the 
preparation: 

(1) it is treated with acetic acid and tested for soluble barium 
salts and barium carbonate (no precipitate should appear during 
one hour when sulphuric acid is added); 

(2) it is treated with hydrochloric acid, and barium sulphide, iron, 
and salts of other heavy metals are detected; 

(3) an aqueous extract must be neutral and contain only traces of 
chlorides and sulphates; 

(4) the preparation is treated with nitric acid, and barium and cal- 
clum phosphates are identified using ammonium molybdate. 
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The preparation should be tested especially thoroughly for barium 
carbonate and sulphide. If admixtures of sulphides are present, the 
extract obtained when treating the preparation with hydrochloric 
acid will have an odour of hydrogen sulphide. But in this case an 
organoleptic test is not sufficient, therefore the extract of the prepa- 
ration is placed into a test tube, covered with filter paper wetted with 
a lead acetate solution, and heated. If an impurity of barium sul- 
phide BaS is present, the evolving hydrogen sulphide will react with 
the lead acetate and the paper will darken owing to the formation of 
lead sulphide PbS: 


BaS + 2HCl > BaCl, -+ H.S¢ 


H.S + Pb(CH,COO), > PbS| + 2CH,COOH 
Black 


The State Pharmacopoiea requires that the degree of dispersion 
of the preparation be determined. 

The quantitative determination of the preparation is not required. 
Barium sulphate is supplied to pharmacies in the factory packing, 
i.e. in well glued double paper packages (the inner package must be 
of oil-paper). The preparation is not done up at pharmacies. The label 
must contain the full name of the preparation in the native language 
and in Latin. The series, date of production, who controlled the 
quality and when must also be indicated. The preparation must be 
kept in well closed jars or packages away from potassium and 
sodium carbonates. 


7.4. ZINC COMPOUNDS 


Zinc is found in nature in the form of the minerals smithsonite 
(or calamine) ZnCO, and zinc blende (or sphalerite) ZnS. Zinc has 
been found in the muscular, dental, and nerve tissues of a human or- 
ganism. The use of zinc compounds in medicine is based on the fact 
that zinc, likesome other heavy metals, forms compounds with pro- 
teins—albuminates, and the soluble albuminates can have an effect 
ranging from a weak astringent to a sharply cauterizing one. Insol- 
uble albuminates generally form a film on a tissue surface and thus 
promote the healing of the injury (a drying action). 

Zinc compounds are toxic in large doses. They may be employed 
locally as astringent and cauterizing agents. When taken orally, 
zinc compounds cause vomiting. 

The pharmacopoeial preparations of zinc include zinc oxide and 
zinc sulphate. 
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Zinc Sulphate (Zinct sulfas) 


ZnSO ,:7H,O M.m. 287.04 

Zinc sulphate was used in medicine from time galore under the 
name of white vitriol to distinguish it from the coloured copper and 
iron vitriols. 

Zinc sulphate is produced from its ore—zinc blende ZnS. The lat- 
ter is subjected to roasting. The zinc sulphide transforms into the 
oxide, which is then treated with dilute sulphuric acid, and zinc 
sulphate forms in the solution: 


27nS + 30, > 2ZnO + 280.4 
ZnO + H,SO, > ZnSO, + H,O 


The impurities contained in the raw material (copper, cadmium, 
lead) do not dissolve. To remove admixtures of iron, the solution is 
treated with hydrogen peroxide: 


2FeSO, -+ H,SO, + HO, — Fe,(SO,)3 + 2H.O 


The formed iron(III) sulphate is reacted with zinc oxide in the 
presence of water, the formed iron(III) hydroxide precipitate is fil- 
tered off, and the solution containing the zinc sulphate is evaporated 
until the salt crystallizes in the form of the heptahydrate 
(ZnSO ,-7H,O). 

Zinc sulphate forms colourless transparent crystals or a finely 
crystalline powder with an astringent taste and without an odour. 
It dissolves very readily in water, slowly in glycerin, and is insolu- 
ble in alcohol. It weathers in the air. 

The preparation is identified by the reactions indicated for zinc 
oxide. The sulphate ion is determined by the formation of a white 
precipitate. 

A typical reaction for Zn** is the reaction with a solution of sodium 
sulphide, which in an acidic medium precipitates white zinc sul- 
phide ZnS from zinc salts (a distinction from other salts of heavy 
metals): 


ZnSO, + Na,S > ZnS] + Na,SO, 
White 
Another reaction confirming Zn?* in the preparation is the reac- 
tion with a solution of potassium ferrocyanide. A yellowish crystal- 
line precipitate of a double salt forms that is insoluble in acids, 
but dissolves in alkalies: 
Yellowish 


These two reactions are official ones. 
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A specific reaction for zinc in all its compounds is that of the for- 
mation of Rinmann’s green. Zinc oxide is roasted with cobalt nit- 
rate, and a characteristic green colour is obtained—Rinmann’s 
green: 

ZnO -+ Co(NO,). an CoZnO, + 2NO,+ + + Ost 
Bright green melt 


The quality of the preparation is considered to be proper if it 
contains no admixtures of iron, copper, aluminium, magnesium, cal- 
cium, and other heavy metals. All these impurities are detected by 
known analytical reactions. An admixture of arsenic in the prepara- 
tion of not over 0.0001% is tolerated. 

The content of the substance in the preparation is determined by 
the complexometric method in the presence of an ammonia bufier 
solution and the indicator Acid Chrome Black Special. 

Zinc sulphate is used externally as an antiseptic and astringent agent 
in opthalmology in the form of 0.1, 0.25, and 0.5% solutions. Zinc 
sulphate is often prescribed together with boric acid in eye drops. 
It is employed in gynaecology for irrigation in the form of a 0.1- 
0.5% solution. It is rarely prescribed for oral administration as an 
emetic. 

It is dispensed in the form of a powder. It must be stored with care 
in well closed jars. It is listed in Group B. 


Zinc Oxide (Zincit oxydum) 


ZnO M.m. 81.38 
Zinc oxide is a white amorphous powder with a yellowish tint that 
readily absorbs carbon dioxide from the air. A characteristic prop- 
erty of zinc oxide is that it turns yellow when roasted, and when 
cooled—white. 
Zinc oxide is used externally in the form of dusts or ointments as 
an astringent, drying, and disinfecting agent in skin diseases. 


7.5. MERCURY COMPOUNDS 


Mercury is a liquid metal whose lustre resembles that of silver. 
This is why the Greeks called it “silver water’ (it was also called 
quicksilver). 

It is not abundant in nature. It is sometimes encountered in the 
free state interspersed in rock, but it occurs chiefly in the form of 
mercury sulphide HgS (cinnabar) of a bright red colour. Cinnabar is 
the main source of mercury. To produce the latter, the cinnabar is 
roasted in special furnaces in a stream of air at 360 °C: 


Hes + 0, Hg + 80, 
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Mercury is the only metal that is in the liquid state at room tem- 
perature. The liquid evaporates slowly. Its specific gravity is 13.6. 
At —39 °C it freezes and transforms into a solid white mass. At 
3a07 “°C it boils. Its vapour is very poisonous. 

Among the chemical properties of mercury, of interest is its abil- 
ity to dissolve many metals and form liquid and solid alloys called 
amalgams. Iron and nickel do not dissolve in mercury and do not 
form amalgams with it, therefore mercury may be stored and trans- 
ported only in iron or nickel vessels. Sodium amalgam is used in lab- 
oratory practice as a reducing agent. Tin and silver amalgams solid- 
ify well as soon as they are prepared and are used in stomatology for 
filling teeth. 

Mercury forms no hydroxides—this is a feature of it. When an al- 
kali is reacted with a mercury salt, anhydrous oxides form: 


Hg,Cl, - 2NaOH —> Hg,0} + 2NaCl 
Black suspension 
HgeCl, + 2NaOH ~ HgOl + 2NaCl + H,O 
Bright yellow 


Being in group IIA, mercury differs from its analogues (zinc and 
cadmium) in that it forms two kinds of salts, i.e. mercury(I) salts 
(HgNO,, Hg,Cl., etc.) and mercury(II) salts (HgCl,, Hg(NQOg)o, 

/ NH, 
and Hg ). 
“Cl 

The pharmacopoeial preparations include mercury(II) compounds, 
namely, yellow mercury oxide, mercury dichloride, mercury amido- 
chloride, mercury(IIl) oxycyanide, and mercury(I) cyanide. 

The inorganic preparations of mercury are used as antiseptics, 
diuretics, and purgatives. The antiseptic action of mercury com- 
pounds is based on the ability of the mercury ion to precipitate proteins. 

The diuretic effect of some mercury salts consists in that when 
excreted via the kidneys, they irritate the kidney epithelium and 
facilitate urination. Similarly, mercury compounds excreted via the 
intestine and irritating it have a purgative action. 

Soluble mercury salts are very poisonous and relate to Group A. 


Mercury Dichloride or Corrosive Sublimate 
(Hydrargyri dichloridum) 


HegCl, M.m. 271.50 
Mercury dichloride can be produced in various ways: 
(1) by dissolving metallic mercury in sulphuric acid with the fol- 
lowing evaporation of the obtained solution of mercury sulphate 
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HgSO, with sodium chloride: 
HgSO, + 2NaCl — HeCl, + Na,SO, 


When the mixture is heated, the mercury dichloride sublimes, while 
the sodium sulphate remains in the form of the dry salt; 
(2) by reacting metallic mercury with chlorine at 335-340 °C: 


Hg + Cl, +> HegCl, 


To purify the mercury dichloride from mercury monochloride, it 
is sublimed and then crystallized from alcohol or water in which mer- 
cury monochloride is insoluble; 

(3) by dissolving mercury oxide in hydrochloric acid: 


HeO -+ 2HCl — HgCl, + H,0 


In the pure form, mercury dichloride is a white heavy powder or 
radial crystals melting at 265°C and evaporating at 295 °C. The prep- 
aration is soluble in ether, and well soluble in boiling water and 
alcohol. An aqueous solution of mercury dichloride has an acid reac- 
tion to litmus. 

Dry mercury dichloride is more stable than its aqueous solutions. 
When the latter are stored for a long time in the light, a white pre- 
cipitate of mercury monochloride forms together with hydrochloric 
acid and oxygen: 


1 
2HgCl, + HO > Hg,Cl,} + 2HC1+ => O, 
White 


Mercury dichloride forms insoluble compounds with proteins and 
alkaloids. 

The preparation is identified by the reactions for the cation Hg** 
and the anion Cl-. The State Pharmacopoeia recommends the fol- 
lowing reactions for Hg*?: 

(a) a reaction with alkali solutions; when an alkali solution is react- 
ed with a solution of mercury(II) salts, a yellow precipitate of mer- 
curv(II) oxide forms: 


HeCl, + 2KOH-+ HgO} + 2KCl+ H,0 
Bright yellow 
(b) a reaction with a potassium iodide solution; when a solution 
of mercury dichloride is reacted with a potassium iodide solution, 


a bright red precipitate of mercury diiodide forms that dissolves com- 
pletely in an excess of potassium iodide: 


HegCl, + 2KI1 + HglI.j + 2KCl 
Bright red 


Colourless 
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A solution of this complex salt in aconcentrated potassium hydrox- 
ide solution is known as Nessler’s reagent and is employed as a very 
sensitive reagent for NH}; 

(c) a reaction with a sodium sulphide solution; when the latter is 
added to a solution of a mercury(I!) salt, a brown black precipitate 
forms that is not soluble in dilute nitric acid: 


HeCl, + Na,S—> HegS) -+ 2NaCl 


Brown black 


Of these three reactions for a mercury(II) salt, the State Pharma- 
copoeia recommends that with potassium iodide to identify mercury 
dichloride. 

The quality of mercury dichloride is considered to be proper if 
its colour is white, it completely evaporates when heated, leaving no 
residue, and dissolves in water and alcohol. 

A number of methods can be used for the quantitative determina- 
tion of mercury dichloride. The State Pharmacopoeia recommends 
the reduction of mercury dichloride to free mercury, which is then 
determined iodimetrically. A solution of formaldehyde in an alka- 
line medium is used as the reducing agent: 


HgCl, + 3KOH + CH,O ~ Hg{ -- HCOOK + 2hKCl + 2H,0 
Black 


After reduction, the mixture is acidified with acetic acid to neu- 
tralize the excess alkali (the latter can react with the iodine) and a 
standard solution of iodine is added. The mercury dissolves and forms 
mercury(II) iodide, HgI,, while the excess iodine is titrated with sodi- 
um thiosulphate: 


Hg + I, Hgla{ 
[, + 2Na,S,0, — 2Nal + Na,S,0, 


Mercury dichloride is very poisonous therefore it is not taken 
orally. Having a disinfecting action, it selectively destroys micro- 
organisms by decomposing their proteins. Mercury dichloride solu- 
tions (1:1000 and 2:1000) are used to disinfect linen, clothing, for 
washing walls, objects used in caring for patients, etc. 

Mercury dichloride solutions should be protected from the effect 
of light, which facilitates their decomposition. To prevent the decom- 
position of the mercury dichloride and ensure its better dissolution, 
sodium or ammonium chloride is added to the solution (a soluble com- 
plex forms). 

Mercury dichloride solutions are generally coloured red or blue to 
distinguish them from other solutions. Bottles with mercury di- 
chloride solutions must bear labels warning that the contents are poi- 
sonous. Mercury dichloride is usually dispensed in tablets contain- 
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ing equal parts of it and sodium chloride (0.5 or 1.0 mg each). These 
tablets are customarily coloured pink with eosine. 

Mercury dichloride produces precipitates with alkaloids and pro- 
teins. Moreover, many organic compounds such as sugar and arabic 
gum reduce mercury dichloride. All this must be taken into consid- 
eration when formulating a prescription with mercury dichloride. 

Mercury dichloride (corrosive sublimate) is a strong poison. Store it 
in a locked cupboard in a dark place. The highest single and daily 
dose is 0.02 g. It belongs to Group A. 


Yellow Mercury Oxide (Hydrargyri oxydum flavum) 


HgO M.m. 216.99 
To prepare yellow mercury oxide, the reactions of its precipitation 
from soluble mercury salts are used. Mercury dichloride or dinitrate 
is used most frequently for this purpose. A concentrated solution of 
the mercury(II) salt is slowly poured into a dilute alkali solution: 
Hg(NO 3), + 2NaOQH — 2NaNO, + HgO] + H,O 

Bright 

vellow 

After settling of the mercury oxide precipitate, the liquid is poured 
off, the precipitate is washed by decantation until it is no longer al- 
kaline, and is dried. Al] the operations must be performed in the 
dark, otherwise the black mercury(I) oxide Hg,O can form. 

Yellow mercury oxide is a heavy finely dispersed yellow or orange- 
yellow powder. It is insoluble in water, but readily dissolves in hy- 
drochloric, nitric, and acetic acids. It gradually darkens in the light. 

The preparation is identified by reactions for Hg?*. For this pur- 
pose, it is treated with dilute hydrochloric acid to obtain a soluble 
salt of mercury(IJ) in which the cation Hg?* is determined by the 
relevant reactions described for mercury dichloride: 


HgO + 2HCl > HgCl, + H,0 


The preparation must be free of admixtures of alkalies, mercury(I) 
salts, and metallic mercury. 

The content of the preparation can be determined by two methods, 
namely, neutralization and the thiocyanide (rhodanide) one. The 
former is the official method. 

The preparation is determined by neutralization indirectly by 
reaction with potassium iodide. When a potassium iodide solution is 
reacted with yellow mercury oxide, the products are a soluble com- 
plex salt and an alkali. The latter is titrated with an acid using 
methyl orange as the indicator: 


HgO + 4KI + H,O — K.|Hel,] + 2KOH 
KOH + HCl ~ KCI + H,O 
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The thiocyanide method consists in dissolving the oxide in nitric 
acid and then titrating the obtained salt with ammonium thiocya- 
nide in the presence of ammonium iron alum: 


HgO -+ 2HNO, > Hg(NO,), + H,O 
He(NO;), + 2NH,SCN — Hg(SCN), - 2NH,NO, 
Fe(NH,)(SO,). + 3NH,SCN — Fe(SCN), -- 2(NH,).SO, 

Red 


Yellow mercury oxide is used as a mild antiseptic for preparing 
eye ointments. 

It should be stored with care in well closed dark glass jars because 
the action of light may cause mercury(I) oxide to form. This is detect- 
ed by darkening of the preparation. It is listed in Group B. 


Mercury Amidochloride (Hydrargyri amidochloridum) 


HgNH,C] M.m. 252.07 
Mercury amidochloride is usually prepared by reacting mercury 
dichloride with an ammonia solution: 


NH, } 
/ 
HeCl, + 2NH, — Hg + NH,Cl 
\ 


Cl 
White 


The mercury amidochloride precipitate is filtered off, washed with 
water to remove the ammonium chloride, and dried in a drying ca- 
binet at a temperature not exceeding 00 °C. A small amount of water 
should be used for washing, because owing to hydrolysis of the prod- 
uct the basic salt can form and the preparation turns yellow: 


NH, NH, 
/ / 
2Hg + H,O — NH,Ci-+He - HgO} 
\ ‘\ 
Cl Cl 
Yellow 


Mercury amidochloride is a snow-white amorphous powder (or 
lumps). It is insoluble in water, alcohol, and ether. It dissolves when 
heated in dilute hydrochloric, nitric, and acetic acids: 


NH, 


/ 

Hg + 2HCl > HeC),+NH,Cl 
\ 
Cl 


126 Inorganic Drugs 


When mercury amidochloride is heated with an alkali, yellow mer- 
cury oxide precipitates, and a smell of ammonia is felt: 


NH> 
/ 
Hg -+ KOH —~ HgO,+KCI-+ NH; + 
NN Bright 
Cl yellow 


After separation of the mercury oxide precipitate, the chloride ion 
is detected in the filtrate by the action of a silver nitrate solution. 

Alter being dissolved in acids (hydrochloric, nitric, acetic), mer- 
cury amidochloride gives all the reactions characteristic of mercury(II) 
compounds. 

The preparation must contain no admixtures of carbonates and 
mercury(I) compounds. The absence of the former is established by 
the complete dissolution of the preparation in hydrochloric acid with- 
out the evolution of carbon dioxide. 

The preparation is determined quantitatively by neutralization. 
In this method, an aqueous solution of potassium iodide is reacted 
with mercury amidochloride. Potassium hydroxide and ammonia form 
in an amount equivalent to the mercury amidochlioride; they are 
titrated with an acid using a methyl red indicator. 

To avoid losses of ammonia owing to its possible evaporation, an 
excess of a titrated hydrochloric acid solution is added beforehand, 
and it binds the alkali and ammonia, while the excess of acid is ti- 
trated with an alkali: 


NH, 
Hg + 4KI--H,O > K.[Hgl,]-+_NH;+* +KOH-+KCI 
\ 


Cl 
HCl -- NaOH — NaCl + H,O 


When mercury amidochloride is triturated in a mortar with iodine, 
it ignites after a certain time owing to the formation of nitrogen io- 
dide NIs. 

Similar decomposition can also occur if the mixture is wetted with 
water or alcohol. With this in view, mercury amidochloride must nev- 
er be prescribed with iodine and moreover with a tincture of iodine. 

Mercury amidochloride is poisonous and is not taken orally. It is 
used in 3-10% ointments in various skin diseases. It is also used in 
cosmetic ointments. 

It should be stored with care (Group B) in well closed orange glass 
bottles. 
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7.6. MERCURY ANTIDOTES 


Soluble mercury salts are very poisonous. The first signs of mercury 
poisoning are a sharp metallic taste in the {mouth, pains in the 
stomach, vomiting, loose bowels (diarrhoea), and cardiac depression. 

Persons suffering from kidney ailments are especially sensitive to 
mercury preparations. 

First aid in mercury poisoning consists in taking of a metal anti- 
dote (Antidotum metallorum) or a suspension of activated carbon. 
One must simultaneously take albumin water, milk, mucilagenous 
decoctions, or burnt magnesia with water. Sodium chloride and food 
products containing it must never be used because this can enhance 
the poisoning owing to the formation of the soluble and very poi- 
sonous mercury dichloride. 

Another antidote used in poisoning by mercury salts is sodium 
calcium edetate, also known as tetacin calcium. It is a white crys- 
talline powder. In its chemical structure, tetacin calcium is a 
cyclic compound in which the calcium can be substituted by ions 
of heavy metals with the formation of water-soluble complexes with 
a low toxicity. The complexes are rapidly excreted with the urine, 
which underlies the use of this preparation as an antidote in poison- 
ing by heavy metal salts: 


COONa NaOQOC 


H.C 

ee SN—CH;—CH2—N 
ine N | 
o=C——O0——Ca —__0-—_©=0 


Tetacin calcium 


A 10% solution of tetacin calcium for injections is a pharmaco- 
poeial preparation 


REVIEW QUESTIONS 


1. ‘Explain why the Group II elements readily donate electrons and trans- 
form into positively charged ions. 


2. Explain the existence of two subgroups in Group II. 


3. What characterizes the hydroxides of the group IIA elements and those 
of the group IIB ones? 


4. Why does magnesium sulphate dissolve well in water and why can it 
weather? 


_ 5. What are the requirements to the storage of calcium chloride and what 
is this due to? 


__ 6. Why is barium sulphate fused with sodium carbonate before conducting 
identification reactions? Write the equations of the reactions. 
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7. Why must the purity of barium sulphate meet increased requirements? 

8. Why is the presence of soluble barium salts in a barium sulphate 
preparation especially dangerous? 

9, What are the requirements to the storage of barium sulphate? 

10. Why does zinc oxide fail to dissolve in water? 

11. What explains the solubility of a zinc oxide preparation in acids and 
alkalies? 

42. What reaction of the medium do aqueous solutions of mercury dichlo- 
ride have? 

13. Why is it not allowed to keep aqueous mercury dichloride solutions in 
the light for a long time? 

14. Why is it important for a pharmacist to know and remember that mer- 
cury dichloride forms precipitates with proteins and alkaloids? 

15. What properties of mercury dichloride are used for the quantitative 
determination of the preparation? 

16. How is mercury dichloride stored and why? 

47. Can the chloride ion be detected in mercury amidochloride in an aque- 
ous solution by a conventional analytical procedure? 

18. Why must yellow mercury oxide and mercury amidochloride not be 
taken orally? 


PRACTICAL LESSON 


Analysis of a 10% Calcium Chloride Solution 


1. Write the prescription in Latin. 

2. Perform identification reactions: 

(a) add two drops of an ammonium oxalate solution to 1 ml of the analyte 
solution. A white precipitate forms that is soluble in hydrochloric acid and 
insoluble in acetic acid; 

(b) add one drop of a 2% silver nitrate solution to 1 ml of the analyte solu- 
tion. A white precipitate forms that is soluble in an ammonium hydroxide 
solution. 

Write the equations of the chemical reactions. 

3. Carry out a quantitative determination: 

(a) by the complexometric method. 

Put 2 ml of the analyte solution into a 100-ml measuring flask, add water 
up to the mark, thoroughly stir the contents, transfer 5 ml of the dilute solu- 
tion into a titration flask, add 2 ml of an ammonia buffer, two drops of the 
indicator Acid Chrome Dark Blue, and titrate with a 0.05 M solution of Na- 
EDTA until the colour of the indicator changes; 

(b) by the refractometric method. 

Compare the result obtained with the preceding one. Arrive at a conclusion 
on the merits and shortcomings of the two methods. Write the equations of the 
chemical reactions. 

4. Calculate the content of calcium chloride in per cent in the solution by 
formula (1.2): 


_ VATV, SC 400 — VAX 0.010 99 X 100 100 


aVo 2.0 x 5.0 


where V is the volume of a 0.05 M solution of Na-EDTA, ml, T = 0.010 95 g/ml, 
and a is the volume of the preparation taken for the determination, ml. 
9. Conclude whether this solution is indeed calcium chloride, whether its 
content corresponds to the prescription, and whether it may be dispensed. 
6. Propose other possible methods for the quantitative determination of 
calcium chloride. Write the equations of the reactions. 


x 
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Analysis of a 10% Magnesium Sulphate Solution 


1. Write the prescription in Latin. 

2. Perform identification reactions according to the State Pharmacopoeia. 
Write the equations of the chemical reactions. 

3. Carry out a quantitative determination (the refractometric method). 

4, Arrive at a conclusion on the qualitative and quantitative correspon- 
dence of the analyte solution to the prescription. 

5. Can magnesium sulphate be determined quantitatively by another 
method? Give a chemical substantiation. 


Analysis of a 0.25% Zine Sulphate Solution 


1. Write the prescription in Latin. 

2, Perform identification reactions (the analyte solution should give char- 
acteristic reactions for zinc and sulphate ions). 

(a) add a few drops of a sodium sulphide solution to several drops of the 
analyte solution. A white precipitate forms that readily dissolves in dilute 
hydrochloric acid and does not dissolve in acetic acid; 

(b) a white gelatinous precipitate insoluble in dilute hydrochloric acid 
forms with a potassium ferrocyanide solution; 

(c) add a few drops of a barium chloride solution to afew drops of the anal- 
yte solution. A white precipitate forms that is insoluble in organic solvents. 
Write the equations of the chemical reactions. 

3. Carry out a quantitative determination (the complexometric method). 

Put 2 ml of the analyte solution into a conical titration flask, add 5 ml of 
an ammonia buffer, three drops of Acid Chrome Dark Blue, and titrate with 
a 0.05 Af Na-EDTA solution until the colour turns blue. 

4. Calculate the content of zinc sulphate in per cent in the solution by 
formula (1.4): 


VAT x 400 = VA cs 38 


where V is the volume of the 0.05 M solution of Na-EDTA, ml, 7 = 
0.014 38 g/ml, and a is the volume of the preparation taken for titration, ml. 

5. Conclude whether a zinc sulphate solution has been submitted for anal- 
ysis, whether its content corresponds to what is indicated in the prescription, 
and whether it may be dispensed. 

6. Can zinc sulphate be determined quantitatively by other methods? Write 
the equations of the reactions. 


xX = x 400 


Analysis of Barium Sulphate 


Divide the powder to be analysed into six portions (one of them is for 
reference). 

1. Add 5 ml of water to a part of the powder, boil, cool, filter off the solid 
matter, and in the filtrate test: 

(a) the reaction of the medium with indicator paper; 

(b) for chlorides (if present, the addition of a silver nitrate solution will 
produce a white suspension soluble in an ammonium hydroxide solution); 

(c) for sulphates (if present, a white precipitate insoluble in organic sol- 
vents will form when a barium chloride solution is added); give attention to 
the solubility of this precipitate in hydrochloric acid. 

2. Add 2 ml of acetic acid and 3 ml of water to a new portion of the pow- 
der, filter off the solid matter, and determine the presence of salts of heavy 
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metals in the filtrate (if present, a black precipitate will form with a sodium 
sulphide solution). 

3. Add 1 ml of hydrochloric acid to a portion of the powder (should carbo- 
nates be present, bubbles of a gas evolve), next add 3 ml of water, heat, cool, 
and in the filtrate obtained after filtering off the solid matter, test: 

(a) for iron(I1) salts (if present, a blue colour forms with a solution of potas- 
sium hexacyanoferrate(II!); 

(b) for barium salts (if present, a white precipitate insoluble in organic 
solvents forms when a sulphuric acid solution is added). 

4. Add 3 ml of nitric acid to a portion of the powder, heat, cool, filter off 
the solid matter, and determine whether the filtrate contains phosphates (if 
present, a white precipitate forms when a magnesia mixture is added). 

5. Add 2 ml of water, 1 ml of sulphuric acid, and two drops of a potassium 
permanganate solution to a new portion of the powder. The colour should not 
disappear during 10 minutes (reducing substances). 

6. When drawing up your report, indicate what ions contaminate the prep- 
aration, write the equations of the reactions, and arrive at a conclusion on 


the quality of the preparation. 
7. Why must the purity of barium sulphate meet increased requirements? 


Chapter 8. Group | Elements 


All the elements forming Group I have only one electron in their 
outermost electron layer, which they readily donate and transform 
into singly charged positive ions with a configuration of the relevant 
inert gas (the lithium ion acquires the structure of a helium atom, 
the sodium ion, that of a neon atom, eic.). This explains their very 
high reactivity relative to electronegative elements such as the hal- 
ogens. 

However, the next-to-last layer of the Group I elements is not the 
same. This underlies the difference in their properties and the need 
to divide these elements into two subgroups, namely, IA (representa- 
tive elements) and IB (transition elements). Group JA includes lith- 
ium, sodium, potassium, rubidium, cesium, and francium. All of 
them have eight electrons in their next-to-last layer. Group IB in- 
cludes copper, silver, and gold. The next-to-last electron layer of 
these elements consists of 18 electrons. Some of the electrons of 
this layer can pass over into the outermost layer and participate in 
chemical reactions. This explains the varying oxidation state of the 
Group IB elements. 

The Group JA elements are called alkali metals because their 
oxides react with water to form strong alkalies. The alkali metals 
have sharply pronounced metallic properties because they can readi- 
ly donate their outermost electrons. A very characteristic feature of 
the alkali metals is the easiness with which their atoms are excited 
to emit light. When an alkali metal compound is introduced 
into the flame of a burner, the flame acquires the colour typical of 
the given metal. Salts of the alkali metals are used in medicine. 
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The greatest use has been found in medicine by sodium salts, of 
which sodium chloride has been described when dealing with the 
preparations containing halogens (see p. 65). 

As regards their action on an organism, the alkali metal salts can 
be divided into two groups: alkaline salts, for example, carbonates, 
exhibiting an antacid effect, i.e. neutralizing excess acidity (sodium 
hydrogen carbonate NaHCO, is a pharmacopoeial preparation), and 
neutral salts (sulphates, halides, and phosphates). 


8.1. COPPER AND SILVER COMPOUNDS 


The Group IB elements, i.e. copper, silver, and gold, are similar 
to their Group JA counterparts in that they have an oxidation state 
of +1 in some of their compounds. But copper in most compounds 
has an oxidation state of --2. 

Another feature of the Group IB elements distinguishing them 
from the Group JA alkali metals is their ability to form complexes 
(especially copper) and to be reduced from their compounds to the 
free metal (silver is reduced more readily than copper). 

Of the inorganic copper compounds, copper sulphate is employed 
in medicine. It is prescribed orally as an emetic, and externally in 
catarrhs of the mucous membranes and ulcers owing to its astringent, 
irritating, and cauterizing action. 

Silver belongs to the “noble” metals. In nature, it is chiefly found 
in the form of compounds with sulphur (Ag,S). Silver sulphide does 
not practically occur in the pure form, and is most frequently found 
in a mixture with the sulphides of other heavy metals, especially 
lead, copper, and bismuth. And since silver preparations are obtained 
from natural minerals, they must be tested for the presence of these 
impurities. 

The use of silver preparations in medicine is based on its bacteri- 
cidal properties. This property of silver was used back in ancient 
Egypt, where wounds were healed by placing silver plates on them. 
Water stored for a certain period in silver vessels can remain fresh 
for a long time. A sterilizing effect is rendered even by the very low 
concentration of the Ag* ion appearing in water when it comes in 
contact with the metal. 

Research has proved that silver ions kill Gram-positive and Gram- 
negative microorganisms, and also viruses. In the USSR, Academi- 
cian A. Kulsky developed an electrolytic method for the preparation 
of silver water (the enrichment of water with silver by electrolysis). 

Silver preparations are used in medicine orally and externally as 
astringent, antiseptic, and cauterizing agents when treating skin, 
urological, and eye diseases. Silver nitrate (AgNO,) has found the 
greatest use among the silver compounds as a good astringent and 
cauterizing agent. Colloidal preparations where the silver is bound 


Ox 
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to a protein and is only partly ionized are also employed in medicine. 
In these preparations, only the disinfecting properties of silver are 
retained, while its cauterizing effect is lost. 

All the soluble compounds of copper and silver are poisonous. 


Silver Nitrate (Argentt nitras) 


AgNO, M.m. 169.87 

Silver nitrate is prepared by dissolving a copper-silver alloy in 
nitric acid with heating. To purify the silver nitrate from admixtures, 
it is precipitated with hydrochloric acid in the form of silver chloride. 
The latter is reduced with zinc, and the silver freed of impurities is 
again dissolved in nitric acid: 


AgCu + 4HNO, > AgNO, + Cu(NO,), + NO+ + 2H,O0 
AgNO, + HCl > AgCl) + HNO, 
2AgeCl + Zn + H,SO, > 2Ag) -+ ZnSO, + 2HCI 
Black 
3Ag + 4HNO, > 3AgNO, + NO+ + 2H,0 


The silver nitrate is treated with a small amount of water, and 
when left standing crystals form. The crystals are filtered off, rinsed 
with water, and dried in the dark. 

Silver nitrate is composed of colourless transparent crystals in 
the form of plates or cylindrical rods having a radiant crystalline 
structure in a fracture. It dissolves readily in water and sparingly 
in alcohol. The crystals darken in the light. 

The preparation is identified by a reaction for the ion Agt. When 
hydrochloric acid or its salts are added to the preparation, a white 
silver chloride precipitate separates that is insoluble in nitric acid 
and well soluble in an ammonia solution:. 


AgNO, + HCl—» AgCl) + HNO, 
White 
AgCl -+- 2NH,OH -> [Ag(NH,).]Cl -++ 2H,O 
To confirm silver in its salts, their reduction to free silver is employed 
(the reaction of silver mirror formation). A formaldehyde solution 
is added to an ammonia solution of silver oxide, and the liquid is 
heated. After some time, a deposit of metallic silver in the form of 
a mirror appears on the vessel walls: 
2AgNO, + 2NH,OH > Ag,O} + NH,NO, -+ H,0 
O 
Va Va 
H—C + Ag,O — 2Ag| +H—C 
N\ 


Hy Black OH 
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These two reactions are pharmacopoeial ones. 

In addition to these reactions, the silver cation can be detected by 
a reaction with potassium chromate, which yields a reddish brown 
silver chromate precipitate: 


2AgNO, + KCrO, > Ag.CrO,) -+ 2KNO, 
Reddish brown 


The precipitate is soluble in nitric acid and ammonium hydroxide, 
and is sparingly soluble in acetic acid. 

The nitrate ion is determined with diphenylamine (a blue colour) 
and by the formation of a brown ring when silver nitrate is reacted 
with iron sulphate in concentrated sulphuric acid: 


2AgNO, + H,SO, — Ag.SO, + 2HNO, 
2HNO, + 3H,SO, -+ 6FeSO, > 3Fe,(SO,4)3 -+ 2NO* + 4H,O 
Concentrated 
FeSO, -- NO — FeSO,:-NO 


Brown ring 


The good quality of the preparation is characterized by the tole- 
rated acidity and the absence of salts of the heavy metals (lead, cop- 
per, bismuth). 

The content of the preparation is determined by the Volhard 
method of precipitation: 


White 
3NH,SCN -+ (NH,)Fe(SO,).  Fe(SCN), + 2(NH,).SO, 
Red 


The State Pharmacopoeia requires that the preparation contain at 
least 99.75% of pure silver nitrate. 

Silver nitrate is used in medicine for the cauterization of wounds 
and ulcers in the form of rods (Stilus Argenti nitrici). Its cauterizing 
action is due to the ability of silver nitrate to coagulate proteins and 
transform them into insoluble compounds. 

In small concentrations, silver nitrate has an astringent and anti- 
pyretic action. 

It is administered externally in erosions, ulcers, in acute conjunc- 
tivitis, and trachoma in the form of 2-5-10% aqueous solutions, and 
also of ointments (1-2%). It is prescribed orally in the form of a 
0.05-0.06% solution for gastric ulcers and chronic gastritis. 

The highest single oral dose for adults is 0.03 g, the highest daily 
dose is 0.1 g. 

All silver salts are poisonous and are listed in Group A. They must 
be stored locked up in well closed orange glass jars with ground glass 
stoppers in a place protected from light. 
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REVIEW QUESTIONS 


14. What explains the high reactivity of Group I elements relative to electro- 
negative elements? 

2. What properties of silver preparations are used in medicine? 

3. Why must silver nitrate be stored in orange glass jars and in a place 
protected from light? 


PRACTICAL LESSON 


Analysis of a 2% Silver Nitrate Solution 


1. Write the prescription in Latin. 

2. Perform an identification reaction: 

a) add a solution of diphenylamine in concentrated sulphuric acid toa part 
of the preparation solution in a porcelain bowl. A rapidly vanishing blue col- 
our forms; 

(b) add one or two drops of dilute hydrochloric acid to a part of the prep- 
aration solution. A white curdy precipitate forms that is insoluble in nitric 
acid and soluble in an ammonium hydroxide solution. 

Write the equations of the chemical reactions. 

3. Carry out a quantitative determination (the thiocyanometric method— 
express analysis). 

Transfer 1 ml of the solution into an Erlenmeyer flask for titration, add six 
drops of an ammonium iron alum indicator, and titrate with a 0.1 N solution 
of ammonium thiocyanide up to a pinkish-brown colour. 

Write the equations of the reactions. 

4. Calculate the silver nitrate content in the solution in per cent by for- 
mula (1.4): 

_ VAT VK x 0.016 99 


< 100 = 


° Ue 100 
A a 4A) x LOt 


where V is the volume of a 0.4 N ammonium thiocyanide solution, ml, 7 = 
0.016 99 g/ml, and a is the volume of the preparation taken for titration, ml. 

o. Compare the result obtained with the prescription and conclude whether 
the medicinal substance may be dispensed. 


Chapter 9. Group VII] Elements 


Group VIIJA consists of the noble (previously called inert) gases 
having a very low chemical activity. Group VIIIB includes elements 
of triads, and its belonging to Group VIII is conditional, or histori- 
cally traditional. 

The first triad includes iron, cobalt, and nickel, the second—ru- 
thenium, rhodium, and palladium, and the third—osmium, iridium, 
and platinum. They are all metals, most of which have two electrons 
in the outermost electron layer of an atom. These elements are 
characterized by oxidation states of +2, +3, and +4. 


Group VIII Elements 135 


9.1. RON COMPOUNDS 


The most important Group VIII element from the medical view- 
point is iron. It occurs in nature in the form of silicates, oxygen com- 
pounds such as magnetite Fe,O,, red iron ore (hematite) Fe,QOs,, 
brown iron ore (limonite) 2Fe,0,-3H,O, and in the form of sulphur 
compounds such as iron pyrite FeS,. 

Pure iron has a grayish-white colour. It melts at a temperature 
above 1500 °C. Iron is quite stable in dry air, but in humid air it 
rusts. Iron has magnetic properties. Dilute acids rapidly dissolve 
iron with the evolution of hydrogen. 

The chemical properties of iron are characterized by its varying 
oxidation state. It can be +6, +2, and +3. 

The iron(VI) oxide (acidic) is not stable and is of no significance 
for medicine. 

The iron(II) oxide FeO is basic, while the iron(III) oxide Fe,O, 
is amphoteric. The latter two oxides yield a number of salts that are 
employed in medicine. 

There exist iron(II) (ferrous) and iron(IJI) (ferric) salts. The for- 
mer are generally white or of a greenish colour, while the iron(III) 
salts are yellow or red brown. The iron(J1) salts are not stable, they 
are readily oxidized by the oxygen of the air and turn brown. Iron 
is contained in the human organism, primarily in the haemoglobin 
of the blood. 

The use of iron preparations in medicine is based on their astrin- 
gent and cauterizing action depending on their concentration. 
fron([I) is physiologically more active than iron(III). [ron prepara- 
tions are chiefly administered for anaemia and also as a haemostatic 
(styptic). 

Reduced iron is a pharmacopoeia! preparation. 


Reduced Iron (Ferrum reductum) 


Fe A.m. 909.85 

Reduced iron is produced at present by the electrochemical re- 
duction of an aqueous solution of iron(II) sulphate in the presence of 
ammonium chloride at 20-40 °C at a voltage of 1.8-2.5 V. Electroly- 
sis of the solution is conducted at a strictly definite pH (3-4), which 
is monitored by adding sulphuric acid. The iron reduced at the cath- 
ode is removed, rinsed with water until the reaction for sulphates 
and chlorides is negative, and is dried at 50 °C. Next it is triturated 
and screened. The resulting preparation contains 99% of iron. 

Reduced iron is a fine, lustrous or dull powder of a gray or dark 
gray colour. [t is attracted by a magnet. When heated, it glows and 
transforms into the black ferri-ferrous oxide Fe,O,. 
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The preparation dissolves in acids with the formation of saits: 
Fe + 2HCi — FeCl, + H,+ 


If potassium ferricyanide is added to the preparation dissolved 
in hydrochloric acid, a dark blue precipitate forms (Turnbull’s 
blue). This is a reaction for iron in the oxidation state -[2: 


3FeCl, + 2K,[Fe(CN)g} ~ 6KC1 + Fe,[Fe(CN),]o} 


Turnbull’s blue 


The iron used in medicine must be free of admixtures of copper 
sulphides, carbon, silicic acid, and arsenic. The State Pharmacopoeia 
tolerates impurities of heavy metals in the preparation not exceeding 
0.01%. 

To determine the above impurities, the iron preparation is treat- 
ed with hydrochloric acid. The iron dissolves completely in it, 
while the impurities remain undissolved. They are determined in the 
filtrate by the relevent analytical reactions. 

The quantitative determination of the substance in the preparation 
is performed by permanganatometry, in which Fe?*+ becomes oxi- 
dized to Fe*t. A sample of reduced iron is dissolved in sulphuric acid 
with heating, and after cooling is titrated with a 0.1 N potassium per- 
manganate solution until the pink colour stops vanishing: 


Fe + H,SO, > FeSO, -+ Hot 
10FeSO, + 2KMnO, + 8H,SO, — K,SO, + 2MnSO, + 5Fe,(SO,), + 8H,O 


The State Pharmacopoeia requires that the preparation contain 
at least 99% of pure iron. 

The preparation is taken orally in acute anaemia as an agent act- 
ing on the haemopoietic organs and metabolism processes. It should 
be stored in well closed jars in a dry place. 


REVIEW QUESTIONS 


1. Which oxidation state is characteristic of iron? 

2. Why must reduced iron be dissolved before conducting an identification 
reaction and quantitative analysis? 

3. How can one explain why reduced iron is administered to treat anaemia? 


Ill. Organic Drugs 


Organic chemistry studies carbon compounds. Organic substances 
always contain carbon and hydrogen in their molecule. This is their 
main distinction from inorganic compounds. 

Other elements such as oxygen, nitrogen, sulphur, phosphorus, 
halogens, and a number of separate groups may also be contained in 
molecules of organic compounds and form numerous derivatives of 
them. 

Organic chemistry as a science took shape in the 19th century, but 
organic compounds were known to mankind back in ancient times. 
Thus, as long ago as in the 6th century, vinegar was produced from 
sour wine, alcoholic beverages—from saccharine substances, etheric 
substances and dyes—from plants, and so on. 

The studying of organic compounds in their native form was begun 
by K. Scheele in the middle of the 18th century. He separated tartaric 
acid from grapes, citric acid from lemons, malic acid from apples, 
lactic acid from sour milk, oxalic acid from dock, and uric acid from 
the urine of animals. Many of the acids he separated and their salts 
are drugs that are still in use today. Later Scheele discovered glyc- 
erin—the basic component of all animal fats and vegetable oils. 

Other chemists of that time separated urea from human urine, hip- 
puric acid from horse urine, and cholesterol, which became a source 
for the preparation of valuable drugs, from animal tissues. 

In 1824, the German chemist F. Wohler synthesized oxalic acid, 
and in 1828 urea. In the following years more complicated organic 
substances were synthesized such as fats (the French chemist P. Berthe- 
lot) and saccharine substances (A. Butlerov). 

A major role in the further development of organic chemistry was 
played by the theory of chemical structure worked out by the emi- 
nent Russian scientist Butlerov. The theory of chemical structure 
enabled chemists to cognize the internal structure of a molecule, un- 
derstand the essence of chemical processes, and predict new ways of 
synthesizing organic substances. 
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Chapter 10. Sources and Analysis 
10.4. SOURCES 


Arboreal flora is a rich source of organic substances. The dry distilla- 
tion of wood yields, among others, wood vinegar and wood tar. The 
latter, in turn, is a raw material for the preparation of many drugs, 
for example, the phenols and their derivatives. Coal, various kinds 
of petroleum, combustible shale, etc. are very rich natural sources 
for the production of many drugs. 

Organic drugs are also produced from plants from which alkaloids, 
glycosides, and vitamins are separated. Phytoncides have been iso- 
lated from substances that plants produce during their growth. 

Raw materials of an animal origin are employed for the production 
of many hormones, vitamins, and enzymes. Antibiotics are mainly 
products of the vital activities of microorganisms. 

However, the natural sources contain biologically active substances 
(alkaloids, glycosides, hormones, vitamins, antibiotics, etc.) in 
very small amounts and therefore cannot completely cope with the 
requirements of practical medicine. In this connection, it became 
necessary to produce synthetic drugs whose action is similar to that 
of natural substances. 

The multitude of drugs at the disposal of modern medicine was creat- 
ed and developed during a number of centuries. But the synthesis of 
medicinal agents developed the most during the last 40-50 years. 
At present, the search for new drugs is proceeding very intensively. 
Soviet scientists have achieved substantial success in the field of the 
synthesis of new drugs, chiefly chemotherapeutic ones. The medical 
industry of the USSR at present produces about 3000 various drugs. 

The achievement in the synthesis of drugs is a result of the detailed 
study of the relation between the structure of a medicinal agent and 
its action on an organism. This problem, which is the cornerstone of 
the directed synthesis of drugs, came to the forefront over 100 years 
ago and is still being solved. 

We shall give as examples only a few tenets on the relation bet- 
ween the chemical structure of organic substances and their pharma- 
cological action. 

Influence of unsaturated bonds. Unsaturated compounds are con- 
siderably more active than saturated ones. This relates both to ali- 
phatic and aromatic compounds. For example, trichloroethylene is 
a stronger soporific agent than trichloroethane: 


Cl Cl Cl Cl 
N 7 NY 
C=C C—C 
fon fl IN 

Cl H CLHH H 


Trichloroethylene Trichloroethane 
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The introduction of an unsaturated bond into a molecule increases 
the narcotic effect. But this is attended by an increase in the toxicity 
of the substance. 

Influence of a branched carbon chain. Branching of the carbon 
chain increases the physiological action of a preparation. For exam- 
ple, in the group of barbiturates (soporific agents), barbamy] (amo- 
barbital) is a more effective soporific than barbital: 


ONa O 
/ H 4 
NC C,H: N—C C,H, 
, \s \/ 
8) =< rN CH, O=C p 
H 5 Nou, \ 
Barbamy]| Barbital 


Chain length. The physiological effect generally grows from C, 
to C,, then, beginning with six and more carbon atoms in a mole- 
cule, this effect decreases, and finally disappears. The explanation 
is that with an increase in the number of carbon atoms in a chain, the 
solubility of substances lowers. They do not get into the blood and 
fail to reach the corresponding centres, hence they do not cause the 
required effect. 

Optical isomerism. It has been established that levorotatory iso- 
mers are often more active than dextrorotatory ones. It has also been 
established that isomers have a different effect on the taste endings 
(buds) and have a different action. For example, the dextro aspar- 
aginic and glutamic acids have a sweet taste, while their levorotatory 
isomers are tasteless. 

Introduction of halogens. Halogen derivatives of both the aliphat- 
ic and aromatic series are more active than the parent hydrocarbons. 
For example, methane is not a narcotic, methyl chloride CH,Cl 
has a slight narcotic effect, while ethyl chloride CH,CH,Cl and chlor- 
oform CHCl, have a more pronounced narcotic effect. It can also 
be seen that the number of halogen atoms introduced into a molecule 
matters. The same relates to compounds of the aromatic series. 

When the number of halogen atoms in a benzene molecule is in- 
creased, its toxicity lowers, but this is attended by a decrease in its 
physiological activity, which is probably due to diminishing of the 
solubility. For example, dichlorobenzene is more toxic than trichlo- 
robenzene. The introduction of chlorine or bromine into a side chain 
results in the formation of lacrimators, for example, benzyl bromide: 


{ \-cn.s 
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Introduction of hydroxyl groups. The substitution of hydroxyl 
for hydrogen in a molecule of a substance increases the physiological 
effect of the preparation. Thus, the narcotic effect of alcohols is strong- 
er than that of the corresponding hydrocarbons. Secondary alcohols 
act more strongly than primary ones, and tertiary alcohols, more 
strongly than secondary ones. 

The introduction of hydroxyl into benzene gradually reduces its 
antipyretic action; pheno! still has a weak antipyretic effect, but it 
also exhibits a new property—antiseptic, and in diatomic phenols 
this property increases to a still greater extent. For example, resor- 
cinol is a stronger antiseptic than phenol. 

Tribromophenol is a still better antiseptic than the preceding 
two compounds, i.e. the antiseptic action is boosted by introducing 
bromine into the nucleus: 


OH Br 
OH 
Br Br 
OH OH 
Resorcinol Phenol Tribromophenol 


Introduction of a carbonyl group (>C=0). This increases the phys- 


iological effect of a compound. Numerous examples reveal that alde- 
hydes and ketones are more active physiologically than the rele- 
vant hydrocarbons. The activity grows still morejif a halogen atom 
is introduced into a molecule. For example, chloral has a stronger 
hypnotic effect than acetaldehyde: 


H H 
VA va 
CIl,Cc— C H,C— C 
\ iN 
O 
Chloral Acetaldehyde 


Introduction of a carboxyl group (—-COOH). This substantially 
lowers the poisonous properties of a substance. Organic acids of both 
the aliphatic and aromatic series have a low toxicity. This is wit- 
nessed by their widespread occurrence in nature and the inclusion of 
many of them in food products. 

The hydrogen of the carboxyl group can become detached owing 
to dissociation of the molecule and is responsible for the cauterizing 
and to a certain extent irritating effect of the acids. This property 
is absent in their salts, where the carboxyl hydrogen is replaced with 
a metal cation. 
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The introduction of a carboxyl group into a molecule also changes 
certain physical properties of the relevant substance. For instance, 
benzene is absolutely insoluble in water, while benzoic acid has a slight 
solubility. The latter grows still more when the free acid is transformed 
into a salt, especially of an alkali metal or an organic base. 

Introduction of an amino group. The introduction of this group 
results in an increase in the antipyretic properties, for example, ani- 
line has a clearly expressed antipyretic effect. At the same time, the 
amino group imparts toxicity to a compound. This is why aniline, 
as is well known, is not a medicinal preparation. 

The simultaneous presence in an aromatic ring of an amino group 
and hydroxyl imparts anaesthetizing properties to a molecule. These 
properties are amplified still more by etherification of the hydroxyl: 


uin—(_\—or H, n—< _\—oc.n, 


The introduction of a nitro group (—NO,) into an aromatic ring 
affects the breathing centre. 

The introduction of a nitroso group (—-N =O) facilitates the sub- 
stance reaching a nerve centre responsible for blood vessel dilatation 
(amyl nitrite, sodium nitrite). 

The above examples of how the chemical structure of a molecule 
affects its pharmacological action reflect only the fundamental clas- 
sical laws of this relation, which are still being used by chemists. 
And every time when new compounds are obtained, new and new 
relations between the chemical structure and the pharmacological 
action are discovered. These relations open new roads to the pur- 
poseful synthesis of drugs. 

Initially, the main attention was devoted to the chemical structure 
of a substance, but later it became evident that any change in the 
structure of a molecule is attended by a change in the physicochemical 
properties of the relevant substance, and consequently in its action 
on the organism. It was established, for example, that the physico- 
chemical properties of a substance affect its absorbability (passage 
through membranes) and its distribution in tissues, and this, in turn, 
influences its action on an organism. 

This is why at present when creating new drugs and modifying 
existing ones, account is taken not only of the structural elements of 
a compound, but also of their influence on the physicochemical prop- 
erties of the molecules (basicity, hydrophilic properties, degree 
of ionization, polarity, etc.). 

However, the above laws governing the influence of the chemical 
structure of a substance and its physicochemical properties on its 
physiological activity at present can no longer be the only basis for 
the purposeful synthesis of drugs. 
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The development of modern biochemistry and especially of patho- 
biochemistry enables one to establish the biochemical basis of a dis- 
ease and reveal the mechanism of the biological activity of drugs, 
i.e. determine the biosubstrates in an organism with which a drug 
interacts and thus renders a healing effect. 


10.2. FEATURES OF ANALYSIS 


The methods used for analysing organic drugs differ from those 
for inorganic ones and have special features. 

Unlike inorganic compounds, most organic ones are not electro- 
lytes, therefore reactions of the ionic type cannot be used for them. 
Exceptions are (a) salts of organic acids: 


( \-coo- Na* (coe Na* 


OH 


and (b) salts formed by organic bases and mineral acids, which dis- 
sociate into ions: 


C,H, 


+ / ; 
H.N COOCH, CH,-—-N Cl 
2 @ ou" HNcHe 


Novocaine ( procaine) 


Whereas reactions between inorganic compounds generally proceed 
instantaneously because of exchange between the ions, reactions be- 
tween organic substances generally proceed slowly, and they can often 
be stopped at the stage of formation of intermediates, i.e. a series of 
transformations between the initial and final results can be observed. 
At the same time, all organic compounds are to a certain extent un- 
stable at high temperatures, and with strong heating they burn com- 
pletely. 

To determine whether a given substance belongs to organic com- 
pounds, it is essential first of all to see whether carbon is present in it. 
This is sometimes quite simple, because many organic substances when 
roasted become carbonized, i.e. transform into a coal, and this con- 
firms the presence of carbon. But in many cases organic substances do 
not become carbonized when roasted. For example, if alcohol is heat- 
ed, it can evaporate, while if it ignites, it burns without any residue. 

Therefore, the most reliable way of detecting carbon in an organic 
compound is the burning of this compound with an oxidizing agent. 
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In addition to carbon and hydrogen, an organic molecule can con- 
tain other elements such as the halogens Cl, Br, F, and I: 


CH, | 


H / 
NEN en Or HO CH.—CH——-COOH 2H, 0 
O QO Br CH, NH, 
Bromisoval Ditodotyrosine 
F Cl 
F a 
F Br 
Ftorotan 


A glance at the above formulas reveals that the halogen in the 
molecules of bromisoval, diiodotyrosine, and ftorotan (halothane) 
is bound directly to the carbon (a covalent bond). Such compounds 
do not dissociate into ions, and therefore the halogen in a molecule 
cannot be directly determined by the usual analytical reactions (for 
example, with a silver nitrate solution). 

In this case to detect the halogen in a molecule, it has to be trans- 
ferred into an ionogenic state. For this purpose, the organic substance 
must first be destroyed. This process is called mineralization, and 
it is conducted in various ways such as combustion, oxidation, heat- 
ing with alkalies, and fusion with alkali metals. Mineralization 
yields simple inorganic substances in the form of hydrohalic acids 
or salts (halides) that dissociate and can he detected by the conven- 
tional ionic analytical reactions. 

The products of mineralization of an organic substance must in- 
clude CO, and H,O, which point to the organic nature of the sub- 
stance. 

Of major significance in the analysis of organic drugs is the deter- 
mination of the relevant physical and chemical indices. They are 
needed not only for identification, but also as a criterion of the purity 
of the drugs. For example, one of these indices for solids is their melt- 
ing point. Liquids are characterized by their boiling point, specific 
sravity or density, and refractive index. 

These indices are definite only for pure substances. When a solid 
drug contains an impurity, its melting point lowers, while in a liq- 
uid drug the boiling point in the course of distillation continuously 
gTOWS. 


144 Organic Drugs 


The refractive index, which is constant for a pure substance, can 
deviate very greatly in the presence of impurities. But itis not sulffi- 
cient to determine these indices for organic drugs. They give only 
an approximate preliminary notion of the nature of a drug. For the 
reliability of analysis, it is necessary to perform a chemical analysis 
in addition to the determination of the physicochemical indices. 

A feature of organic drugs is the presence in their molecules of 
functional groups, i.e. reactive atoms or groups of atoms determined 
by chemical reactions. Functional groups determine the way of anal- 
ysing organic drugs because they are responsible for the properties 
of substances and determine the identification reactions and the 
methods of quantitative determination of a drug. 

Knowing the reactions for detecting functional groups, one can 
easily and conscientiously analyse any organic drug with a complicat- 
ed structure. There are very many functional groups (about 100), 
and the molecules of most drugs have a polyfunctional nature, i.e. 
simultaneously contain several functional groups. 

Functional groups can be combined according to their common 
properties and be classified with a view to three main properties: 

(1) functional groups imparting an acidic nature to a substance, 


namely, the carboxyl (—COOH), imide (NH), sulphhydryl or 
thiol (—SH), enol [ >C=C(OH)I, enediol (—C=C—), and phenol 
| 
OH OH 


hydroxyl ( ~ pon ) groups; 


(2) functional groups imparting basic properties to a substance, 
namely, a primary amino group (in aliphatic and aromatic com- 
pounds), free and substituted: 

R 


vA 
R— (Ci12)p, — NH, R— (CHa)n —N 
‘y 


H - R 
( \ ( \ / / 
NH, N N 
R’ 


a tertiary amino group (R—N—R_’) (the tertiary nitrogen is a neces- 
sary element in molecules of alkaloids and heterocyclic compounds), 
and a hydrazine group (H,N—NH.,); 
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(3) functional groups exhibiting neither acidic nor basic proper- 


J/ Va 
ties, namely, an aldehyde (—C—-H), keto (S—-C—-R’), methoxy 
(OCH,), hydroxymethyl or primary alcohol (RCH,OH), nitroso 
O 


WY 
(—N=O), ether (R—O—R’), and ester (—C—-O—) groups, an un- 


saturated carbon bond (C= oe ; —C==C—), a lactone 


O 
0 - | | and lactam groups. 
(3 , O \ | | \ 


Let us consider as examples the reactions for some functional groups. 
Carboxyl ‘group (—COOH). Drugs belonging to the group of car- 
boxylic acids can be of the aliphatic, aromatic, and ' heterocyclic 
series: 
H,N—CH,—CH,—CH,—COOH 
| Aminalon (GABA) 


COOH COOH COOH 
YT Cl 
SS 
N 
— OH 
Benzoic acid Salicylic acid ” Nicotinic acid 


The carboxylic group in the molecules of the above carhoxylic 
acids can be detected by the following reactions: 

(1) a reaction of the medium (to litmus or some other indicator); 
aqueous or aqueous-alcohol solutions of carboxylic acids exhibit an 
acidic reaction to litmus or another corresponding indicator; 

(2) a reaction with potassium iodate and iodide solutions; when a 
carboxylic acid is reacted with a mixture of potassium iodate and 
iodide solutions, iodine is evolved that colours the solution yellow, 
and when starch is added, blue: 


(3) the formation of esters; a small amount of the acid or its salt 
is dissolved in water, an-equal volume of concentrated sulphuric 
acid (a dehydrating agent) and a few drops of ethyl alcohol are added. 


10—01542 


146 Organic Drugs 


Heating ot the mixture produces a fruit odour of the formed ester 
(ethyl benzoate): 


H 
—- 2 ¢ \—cooc.#. + Na,SOQ, + H,O 


' Ethyl benzoate 


(4) reactions with salts of the heavy metals (CuSO,, CoCl,, FeCl,, 
etc.); carboxylic acids and their salts form coloured solutions or pre- 
cipitates with solutions of heavy metal salts, and this is used for 
identification. When dealing with a free carboxylic acid (for exam- 
ple, benzoic), it has to be first neutralized with a 0.1 N solution of so- 
dium hydroxide (using phenolphthalein) up to a faint pink colour, 
after which the heavy metal salt solution is added. If a salt of a car- 
boxylic acid is being identified, for example, sodium benzoate, the 
heavy metal salt solution should be added to its solution directly. 
In both cases, either a coloured precipitate or a coloured solution 
forms whose colour depends on the nature of the acid and the re- 


agent: 
¢ \—coon +NaOH —> { \—coon: + H,0 
6 (’\—coons +2FeCl, +10H,0 —> 


3 


Flesh 


+3 { \—coot + 6NaCl 
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COONa COO" 
oe +CuSO, — oe Cu + Na,SQ, 
OH 2 


“OH 
Green 


—_— 


Amino group in an aromatic rng ( / X* NH, ) An aromatic ami- 


no group is encountered quite frequently in molecules of drugs. For 
example, it is contained in molecules of sulphanilamide prepara- 
tions (I), and in esters of para-aminobenzoic acid, in the group of 
local anaesthetics (II): 


oon He 
HAN x \—son c a \— COOR 
be ee pe on = al R ae ot = ow ol 

I II 

An amino group in aromatic compounds is determined by the fol- 
lowing reactions: 

({) a reaction of azo dye formation; aromatic amines in an acidic 
medium when reacted with sodium nitrite readily form colourless or 
pale yellow salts of diazonium, which when reacted with phenols in 
an alkaline medium form azo dyes. Since the latter are close in col- 


our regardless of the nature of the aromatic amine, this reaction is 
a group one for all primary aromatic amines: 


NaNO, + 
Hn—{_\—so,—nue + ——2 [| NEEN SO,NHR | Cr 
HCL 


Diazonium salt ( diazotized amine) 


Next the diazonium salt is combined with 2-naphthol or another 
phenol. A diazonium salt combines with a phenol first of all in the 
para-position relative to the phenol hydroxyl, and if it is occupied, 
in the ortho-position: 


n=i— \— so NHR) CE + HO~ _ 
—=N eS NH, OH 
H 
/ 
= SO.N 
XS on vt \— = 


Azo dye 
10 * 
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(2) a condensation reaction with aldehydes; drugs containing a pri- 


mary amino group in their molecule react with aldehydes in an acidic 
medium with the formation of coloured condensation products: 


01 

-- ~-A\ Hj 

rng + hn net 
oe H ~ H,O : 


Schiff base (coloured) 


The State Pharmacopoeia often recommends para-dimethylami- 
nobenzaldehyde (I) as the aldehyde; it yields coloured products when 
reacted with aromatic amines in the presence of hydrochloric acid: 


‘, m — , a CH, 
On SO 
a} CH, -H20 
{ 


Schiff base (coloured) 


Other aldehydes can also be used for the identification of primary 
amines. Depending on the nature of the aldehydes, the formed con- 
densation products (Schiff bases) have various colours. For example, 
to identify anesthesin (benzocaine) (1), vanillin (II) is often useds 


Het 
Hec:ooc—{_)—Ni oe 


OCH; 


ot 
— yc,00c—X v= > OH 


OCH, 


Schiff base ( yellow} 
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Other aludehydes-when condensed with aromatic amines yield con- 
densation products having other colours: 


| vt \- CH, COOH [ ] 
H ——_—_—_> 
4° + 2 -H,O c—n-¢ \—r 

Ny H 


Schiff base (crimson) 


Condensation products in the form of yellow-orange or pink pre- 
cipitates form when formalin is added in the presence of hydro- 
chioric acid and the mixture is heated on a boiling water bath: 


H ° 


schiff base ( yellow-orange) 


(3) an oxidation reaction; several primary amines of the aromatic 
series are readily oxidized with the formation of coloured oxidation 
products. Chloroamine or chlorinated lime is used as the oxidizing 
agent; the oxidizing effect is produced by the active chlorine which 
they evolve in. an acidic medium. Potassium dichromate K,Cr,0, 
is also employed as an oxidizing agent in an acidic medium: 


wn \—r +Ch —> HN={ =r 


O 


é/ 

Aldehyde group (—C—H). The drugs containing an aldehyde group 
in their molecule include formalin (a solution of formaldehyde in 
water) (I), chloral hydrate (a hydrate form of trichlorethylidene gly- 
col) (II), glucose (III), and citral (IV): 


OH 0 
| oY 
H—C—H: CCl,— CH: HOH,C— [CH(OH)],—C. 
| \ 
O OH A 
I Il IT 
O 
a 
CH, i 


IV 
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To identify the aldehyde group in these compounds, advantage is 
taken of its ability to be readily oxidized and exhibit reducing proper- 
ties. Characteristic reactions of this type are: 

(1) the reduction of silver from an ammonia solution of silver 
nitrate (the formation of a silver mirror): 


O 


oO 
R— m + 2[Ag(NHg)2]NO3 -- H20 
H 


y, 
ONH, °°" 


The metallic silver separates in the form of a gray precipitate or 
a silver deposit on the test tube (a silver mirror); 
(2) a reaction with Nessler’s reagent: 


O 


Va ao 
\ 


H Black OK 


(3) a reaction with Fehling’s reagent; Fehling’s solution is added 
to a solution of the analyte preparation and the mixture is heated; 
a brick red copper(I) oxide precipitate gradually forms: 

CuSO, -+ 2NaOH — Cu(OH).} + Na,SO, 
Light blue 
Cu(OH), + NaQOC— CH—CH—COOK -- NaOOC — CH—CH—COOK + 2H,O 
OH OH On 


Fehling’s reagent 


gP? 
2 NaQOC—CH—GH—COOK + R—CL + 2H,0 


OO H 
Cu 
go 
_. 2 Na0OC —CH—CH— COOK # RCO + Cu,0| 
OH OH H 


To identify an aldehyde group in a molecule, one can also use a con- 
densation reaction with aromatic amines, as a result of which a col- 
oured Schiff base forms. 
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When a molecule of a drug simultaneously contains other functional 
groups in addition to those indicated above, they must also be de- 
tected by the relevant reactions. | 

We shall consider reactions for other functional groups on fol- 
lowing pages when treating individual groups of drugs. 


REVIEW QUESTIONS 


4. What is the main distinction of organic drugs from inorganic ones? What 
is the main feature of this distinction? | 

2. What is the main difference between analysing organic drugs and inor- 
ganic ones? a. 

3. What physicochemical indices are characteristic for identifying organic 
drugs 

a How can bromine be detected in a camphor molecule: 


CH, 
O 


Br 


Can it be detected by the direct action of a silver nitrate solution? 

5. Name the functional groups responsible for an acid nature of a substance. 

6. Single out the functional groups in a molecule of the drug PAS-Na 
(sodium aminosalicylate) and name them: 


COONa 
On 
HN OH 


Which of them determine the basic nature of the drug and which, the acidic 
nature 

7. Using the drug sulphacyl-sodium (sulphacetamide sodium) as an exam- 
ple, indicate the possible identification reactions for the aromatic amino group: 


Na 


8. Name the functional groups in a molecule of salicylic acid and indicate 
the reactions that can be used to confirm the presence of the carboxyl group: 


(_)-000" 


OH 


9. Name drugs containing an aldehyde group in their molecule. What prop- 
erty of aldehydes are used in the reactions of their identification? Write them. 


152 Organic Drugs 


Chapter II. Halogen Derivatives 
of Aliphatic Hydrocarbons 


Hydrocarbons in whose molecules one or more hydrogen atoms are 
replaced by a halogen have found application in medicine. Any of 
the four halogens (fluorine, chlorine, bromine, and iodine) can be 
present in a molecule of such compounds. They are sometimes pre- 
sent.simultaneously, but each of them has its special effect on the 
chemical, physical, and pharmacological properties of the relevant 
compound. 

The physiological action of halogen derivatives of hydrocarbons 
is due to the fact that they can dissolve in fats and cause physical 
and colloidal changes in the lipoids of the nerve tissues and thus pro- 
duce an anaesthetic effect. 

The intensity of the narcotic action of hydrocarbon halogen deriv- 
atives and their toxicity depend on the degree of halogenation of a 
hydrocarbon. 

The following preparations from this group of compounds are used 
in medicine: chloroform (I), iodoform (II), ethyl chloride (chloro- 
ethane) (ITI), and ftorotan (halothane) (IV): 


cl 
| | 
CHCl,; CHI; CH,CH,Cl; F,C—C—H 
| 
| Br 
I iI Ii] IV 


These formulas show that the first two preparations—chloroform 
and iodoform—are methane derivatives, while the other two—ethyl 
chloride and ftorotan—are ethane derivatives. All these preparations 
are pharmacopoeial. : 

They are all reactive chemically. The halogens in their molecule 
can be substituted by various radicals. However, the halogen is firm- 
ly bound to the carbon atom (except for iodoform) and is not iono- 
genic. To detect a halogen, first mineralization must be used, and 
only after this can the halogen ion be determined by conventional 
analytical reactions. 

Ethyl chloride, chloroform, and ftorotan are volatile substances. 
They are administered for inhalation narcosis. 

Ethyl chloride is also featured by its very low boiling point, from 
12 to 13 °C, as a result of which it rapidly evaporates and causes 
strong cooling of the surface of a tissue. This makes it possible to use 
it for local anaesthesia in simple and brief operations (panaritium, 
etc.). 
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lodoform is employed externally as an antiseptic. This property is 


due to the fact that the iodine in the molecule is not bound firmly 
to the carbon, is readily detached, and produces an antiseptic effect. 


Chloroform (Chloroformium) 


Trichloromethane 
Cl 
/ 
H—C—Cl 
\ 
Cl 
CHC], M.m. 119.38 


Chloroform was first used for narcosis in surgical operations by 

the Scottish obstetrician J. Simpson (1848). In Russia, chloroform as 
an agent for general narcosis was first used by N. Pirogov. 
:. The State Pharmacopoeia lists two chloroform drugs, namely, 
chloroform, and chloroform for narcosis (Chloroformium pro narcosi), 
which is specially purified and is intended for inhalation narcosis. 
Their main difference isin the degree of purity. The methods of prep- 
aration, chemical properties, and identification reactions are the 
same for both drugs. 

Preparation. For a long.time, the most widespread industrial meth- 
od of producing chloroform was the oxidation of alcohol by chlo- 
rinated lime to acetaldehyde (I), which was further oxidized by the 
chlorinated lime to trichloroacetaldehyde, or chloral (II). The latter 
when reacted with an alkali evolves chloroform: 


- OC] O 
/ 7 
; \ 
Cl H 
I 
O OC! en 
oO / ao 
2CH,C + 6Ca  -» 3Ca(OH),+2CCl,—CG + 3CaCl, 
N\ \ aS 
H Cl H 
Il 
QO 
va 


2CCl,—C -+ Ca(OH), > 2CHCI,+-Ca(HCOO0), 
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To produce chloroform with a higher purity, acetone (1) or chloral 
hydrate (II) is used instead of alcohol: 


OC] O 
va / @ 
2CH,— C + 6Ca — 2CH,C -+- 3Ca(OH)~.+ 3CaCl, 
N\ N\ \ , 
CHsg Cl CCl, ty 


I Trichloroacetone 
O 
Va 
2CH,C +- Ca(OH), > 2CHCI, + Ca(CH,COO). 
N\ 


CCl, 
OH 


| 
CCl,—CH-+ NaOH — CHCl, -+- HCOONa + H,0 


OH 
Ii 


In both cases, the evolved chloroform is separated, washed with 
sulphuric acid, dried with calcium chloride, and distilled. 

The modern way of producing chloroform is the electrolytic one, 
based on the same principle as the preceding methods. The initial sub- 
stance is also alcohol or acetone. The alcohol or acetone is mixed 
with a solution of potassium or sodium chloride, the mixture is 
placed in the apparatus, heated to 60 °C, and subjected to electrolysis 
(using a current of three or four amperes). Electrolysis causes the 
sodium chloride to transform into sodium hypochlorite and hydrox- 
ide NaOCl and NaOH, which react with the alcohol (or acetone). 
The electrolysis process can be depicted schematically as follows: 


NaCl = Cl- + Na+ 
NaOH < Na* + NaCl - Cl- — Cl, 


Cathode Anode 
Cl, + 2NaOH — NaOCl + NaCl + H,O 
O O 
Naoc} “ NaOQcl Yo NaOH 
N\ NN 
H H 


The chloroform produced by any method is technical, which is not 
suitable for medicinal purposes and must be purified. 

Purification. The first step in the purification of chloroform is to 
wash it with water by agitating it for one-and-a-half hours. After let- 
ting the impurities settle, the chloroform is decanted, and a small 
amount of 40% formalin and concentrated sulphuric acid is added to 
it. After stirring, the mixture is allowed to stand for a while. Next 
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the upper chloroform layer is separated from the lower one (organic 
impurities extracted by the sulphuric acid), washed with water, the 
residual sulphuric acid is neutralized with an alkali, and then the 
chloroform is distilled. 

The distilled chloroform is passed through a filter with roasted 
potash, and the pure chloroform is collected in carboys into which 
alcohol is first poured in an amount of 1% of the mass of the chloro- 
form. 

The carboys (usually with a capacity of 15 kg) are filled up to 
their top. A sample is taken from each carboy for analysing the chloro- 
form and establishing its grade. The chloroform purified in this way 
is sufficiently pure, but is not yet suitable for narcosis. 

The chloroform intended for narcosis must be additionally puri- 
fied. For this purpose, a complex compound of chloroform in the crys- 
tallized form is obtained, which when heated on a water bath evolves 
chloroform, but with a higher purity. Generally tetrasalicide, 
i.e. salicylic acid anhydride, is used for this purpose. It crystallizes 
with two chloroform molecules in the form of a double salt. The tetra- 
salicide evolved in heating can be recycled into the production pro- 
cess. The obtained chloroform must meet all the requirements of the 
State Pharmacopoeia for narcotic ether: 


COOH 09 (7° c 
Oe" — Ori — Ory me 4 
OH QO O 


Tetrasalicide 
67° 
——» 4 + 2CHCI, 


Detection of impurities. But no matter how well chloroform has 
been purified, it can contain various admixtures such as aldehydes, 
organic impurities, chlorides, free chlorine, hydrochloric acid, alco- 
hol, and water. The most dangerous admixture, especially in chloro- 
form for narcosis, is phosgene. The origin of these admixtures is not 
accidental. 

An admixture of aldehydes may be present in chloroform as a re- 
sidual product in the process of its manufacture. An aldehyde is de- 
tected by using Nessler’s reagent (a brown colour owing to the sepa- 
ration of free mercury): 


O 
Ve 
Ko[Hgl,]-+R—C -+ 3KOH -» RCOOK+4KI-+-Hg | +2H,0 


~_ Brown 
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In the process of chloroform preparation, products of incomplete 

chlorination of the acetaldehyde or acetone may form, 1.e. 
Z go 

CH,Ci—C—H and CHCl,—C-—H. These products in an alkaline 

medium can form various unsaturated compounds that increase 

the toxicity of the chloroform. | 

This is why the State Pharmacopoeia requires a test for organic 
impurities to be performed by adding concentrated sulphuric acid 
to the chloroform solution. The acid transforms any organic impuri- 
ties present into tar, and the solution turns yellow. 

Chlorides (CaCl,, NaCl) that may form in the production of chloro- 
form are detected by reacting the preparation with a silver nitrate 
solution. 

The most dangerous impurity in chloroform, especially in that 
intended for narcosis, is phosgene. It can form in the preparation as 
a result of its oxidation by the oxygen of the air if proper storage 
conditions are not observed: 

o> 
CHC],+0, —> CC],0H —> cl—G -+ HC) 


Cl 


Phosgene 


This process is intensified in the light and in the presence of moisture. 

When chloroform contains an admixture of phosgene, the medium 
is acidic owing to the hydrochloric acid formed together with the 
phosgene. The acid is detected by the relevant indicator, for example, 
bromophenol blue. An admixture of phosgene in chloroform can be 
detected (a) by a reaction with aniline (the insoluble compound di- 
phenylurea forms): 


O e) 
C \—wis + “er + wn Y a2" ¢ \-n-c4-< S| 


Diphenylurea 


(b) by a reaction with benzidine (Hn) —{_\—n which 


is oxidized by the phosgene (the oxidation products are insoluble 
and make the solution turbid). 

Free chlorine can get into chloroform as a product! of phosgene de- 
composition or in the electrolytic method of producing chloroform. 
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This admixture is detected by adding a potassium iodide solution, 
as a result of which molecular iodine evolves. It colours starch blue: 


Cl, + 2KI +1, + 2KCl 


Ethanol is added to chloroform as a preservative in an amount 
from 0.6 to 1% of the mass of the chloroform. In the presence of etha- 
nol, phosgene is decontaminated because diethyl carbonate (a harm- 
less compound) forms: 


O OCH, 
| | 
Cl—C—Cl+2C,H,OH —+ C=0+2HCI 
| 
OC.H, 


This is why the State Pharmacopoeia requires not only the qual- 
itative detection of the ethanol, but also its quantitative determi- 
nation, which must not exceed 1% of the mass of the chloroform. 
For this purpose, an excess of a standard solution of potassium di- 
chromate and nitric acid is added to a definite amount of the chloroform. 
The dichromate oxidizes the ethanol to acetaldehyde (the odour. of 
fresh apples). The excess of the potassium dichromate is determined 
iodimetrically: 


O 
3C,H,OH + K.Cr,0,+8HNO, — 2Cr(NO3)3+3CH,G + 2KNO,+7H,0 


m/ 


exc. K,Crg0, + 6KI + 14HNO, > 8KNO, + 2Cr(NO,), + 31, + 7H,0 
I, +- 2Na.5,05:— 2Nal -|- Nagd,O¢ 


Thus, this reaction is simultaneously a qualitative test for ethanol 
and is used for its quantitative determination. 

The tests for admixtures of aldehyde, phosgene, and other organic 
impurities in chloroform for narcosis must be conducted under 
definite conditions and with a prolonged time exposure as required 
by the State Pharmacopoeia. 

Chloroform is a colourless, transparent, heavy, mobile liquid with 
a characteristic odour and a burning taste. It is quite volatile. It dis- 
solves poorly in water, but mixes in all proportions with alcohol, 
petrol, and essential oils. Its boiling point is 59.5-62 °C. Its specific 
gravity is 1.474-1.483. Chloroform vapour does not ignite or explode. 

The State Pharmacopoeia does not require the detection of the 
preparation by chemical reactions because the boiling point and spe- 
cific gravity can be criteria for its identification. But a number of 
chemical reactions can nevertheless be conducted to confirm the pres- 
ence of chloroform. 

From the chemical standpoint, chloroform is trisubstituted meth- 
ane. The chlorine in the chloroform molecule is bound to the car- 
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bon atom and is not ionogenic, therefore it can be detected using a 
silver nitrate solution only after decomposition of the molecule. This 
is achieved by reacting the chloroform with an alkali solution: 


CHCl, + 4KOH + 4KCl + HCOOK -++ 2H,0 


Chloroform enters into a number of reactions of the condensation 
type, namely, a colour reaction with resorcinol, a reaction with 
aniline (the formation of benzoisonitrile having a pungent smell), etc. 

Chloroform is administered as an agent for inhalation narcosis. 
Its merits are its quick action and non-flammability. But at the same 
time, it has a comparatively high toxicity, which considerably re- 
stricts its use. 

Chloroform is usually employed externally in a mixture with tur- 
pentine for massaging. 

The liability of chloroform to become oxidized also determines the 
conditions for its storage. It must be stored with great care in orange 
glass carboys filled to the top and sealed, in a cool place. Chloroform 
for narcosis is dispensed in dark glass jars with a capacity of 50 ml, 
intended for a single use. Opened jars must never be used. After every 
six months, chloroform for narcosis must be subjected to a chemical 
analysis. It belongs to group B. 

A more active agent for inhalation narcosis is ftorotan (halothane), 
which was synthesized in the USSR in 1960. 


Ftorotan (Phthorothanum) 


2-Bromo-2-chloro-1 ,1,1-trifluoroethane 


F Cl 
| | 
F—C—C—H 


F Br 


C,HCIBrF, M.m. 197.39 
Ftorotan (halothane) is a halogen derivative of ethane. It is a trans- 
parent, colourless, heavy, mobile, readily volatile liquid that smells 
like chloroform, and with a sweet and burning taste. It neither burns 
nor explodes, therefore it is absolutely safe in operations with the use 
of X-ray and electrical apparatus. Ftorotan dissolves only slightly in 
water, and mixes with anhydrous alcohol, ether, chloroform, tri- 
chloroethylene, and volatile and non-volatile oils. 

Like other drugs used in inhalation narcosis, the criteria for the 
identification of ftorotan are its boiling point (49-51 °C), specific 
gravity, and refractive index. In addition, the State Pharmacopoeia 
recommends the detection of fluorine in a ftorotan molecule as an 
identification reaction. 
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For this purpose, the drug is mineralized (by fusing it with metallic 
sodium). The formed sodium fluoride NaF is detected with respect to 
the fluoride ion by reacting it with zirconium alizarinate (a complex 
of zirconium nitrate with alizarine red): 


ar 
AN 
O O QO OH 
| OH L OH 
Cr IS + NaF + HCL— Ses + Ha[ZrF } 
i SO;Na T SO,Na 
O Q 7; 
irconium 
Zirconium alizarinate Alizarine red ( yellow) hexafluoride 
( red-viotet) (colourless) 


When a sodium fluoride solution (in an acidic medium) is added to 
zirconium alizarinate, the red-violet colour transforms into a yellow 
one owing to the decomposition of the zirconium alizarinate complex 
with the evolution of free alizarine red imparting the yellow colour 
to the solution. 

The drug may contain admixtures of chlorides, bromides, free chlo- 
rine and bromine. They are detected by the relevant analytical reac- 
tions. 

Ftorotan decomposes under the action of light, therefore it must 
be stored in dark glass bottles. To stabilize the drug, thymol is add- 
ed to it (0.01% of the mass of the drug). 

The potency of ftorotan is two and four times greater than that of 
chloroform and ether, respectively. lt has a comparatively low toxi- 
city. It is used in various surgical operations, especially on thoracic 
organs, because it does not irritate the mucous membranes of the 
respiratory tract. 

Ftorotan is used in a mixture with oxygen or in a mixture with 
nitrous oxide and oxygen, and also in the form of a mixture consist- 
ing of two parts of ftorotan and one part of ether. It is dispensed in 
dark glass bottles with a capacity of 50 and 250 ml. Like chloroform, 
it should be stored in a dry and cool place protected from the light. 


Iodoform (/odoformium) 


Triiodomethane 


CHI, M.m. 393.73 

lodoform is used in medicine as an antiseptic. Unlike chloroform, 
the halogen here is not bound strongly and is easily detected with 
a silver nitrate solution. It is just this unstable bond of the halogen 
to the carbon atom that underlies the antiseptic effect of the drug. 
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The methods of preparation and raw materials for the synthesis 
of iodoform are the same as for chloroform. The only difference is 
that generally potassium or sodium hypoiodide (KOI or NaOJ) is 
used as the oxidizing agent instead of chlorinated lime. These salts 
are unstable at ordinary temperatures, therefore they are prepared 
in the process of production in the reactor by the reaction of free iodine 
with a caustic alkali: 


I, + 2NaOH — NaOI + Nal + H,O 


The process next follows the same scheme as for chloroform. 

When iodine reacts with an alkali, sodium iodide evolves simulta- 
neously with the hypoiodide. The sodium iodide is reacted with an 
oxidizing agent (NaOCl) to transform the iodide ion I- into iodine Ig. 
Thus, all the iodine is used to produce iodoform. 

Jodoform can also be produced electrolytically, like chloroform. 

In its physical properties, iodoform is composed of lustrous flaked 
crystals of a lemon-yellow colour. Its melting point (with decompo- 
sition) is 1146-120 °C. It has a pungent unpleasant and very lasting 
odour. It is virtually insoluble in water, sparingly soluble in alcohol, 
and more readily in boiling alcohol. It is soluble in ether and chlo- 
roform. Jt is volatile even at room temperature. 

Iodoform solutions are very sensitive to light and air and easily 
decompose. When heated with concentrated sulphuric acid, violet 
iodine vapour evolves. This reaction is used to confirm the presence 
of the drug. The State Pharmacopoeia tolerates admixtures of chlo- 
rides and sulphates within the limits indicated by the standard. 
No admixtures of mineral salts and colouring substances are tol- 
erated in the drug. 

Jt is analysed quantitatively by argentometry. An exactly weighed 
specimen of the drug is dissolved in alcohol and an excess of a 
standard solution of silver nitrate and nitric acid is added. The mix- 
ture is heated on a water bath during 30 minutes while protecting the 
reaction flask from light. A silver iodide precipitate forms. The excess 
of the silver nitrate solution is titrated with ammonium thiocyanide 
(using ammonium iron alum as the indicator). The State Pharma- 
copoeia requires that the drug contain at Jeast 99% of pure iodoform. 

Jodoform is applied externally as an antiseptic in the form of pow- 
ders, ointments, and wadding for surgical dressings of patients with 
infected wounds. 

The physiological action of iodoform consists in that when it comes 
into contact with the wounded surface of a tissue, the oxidizing en- 
zyme (catalase) of the blood or other fluid of the wounded tissue oxi- 
dizes the iodoform with the evolution of iodine, and the latter ex- 
hibits a disinfecting action: 


2CHIg + 4[0] > 31, + COt + COgt + H,0 


Brown 


Alceoheals 1614 


This reaction proceeds gradually and very slowly, thus prolong- 
ing the antiseptic effect of the iodoform. 

The drug should be stored in well closed jars of dark glass or cera- 
mics in a cool place protected from light. 


REVIEW QUESTIONS 


4. What compounds are called the halogen derivatives of hydrocarbons? 

2. How does the introduction of halogens into a molecule of an aliphatic 
hydrocarbon affect the pharmacological action of the substance? 

3. What is the boiling point of ethyl chloride? 

4. What is the application of ethyl chloride based on? 

®. Can the presence of chlorine in ethyl chloride be proved if the latter is 
poured into water and a silver nitrate solution is added? 

6. Why is chloroform for narcosis produced from chloral hydrate, and not 
from a cheaper substance such as chlorinated lime? 

7. Why do chloroform molecules first have to be destroyed, and only then 
can the substance be analysed qualitatively and quantitatively? 

8. What happens to chloroform when it is left in the light and in the air? 

9. What requirements must the purity of chloroform meet and why? 

10. What requirements must the storage of chloroform meet and what is 
this due to? 

114. What process occurs when iodoform stands in the light? 

12. What is the physiological action of iodoform based on? Explain it from 
a chemical viewpoint. 

43. Compare the chemical structure of ftorotan (halothane) and chloroform 
and their pharmacological action. 

14. Why doesthe purity of ftorotan have to be checked every six months? 


Chapter 12. Alcohols 


Alcohols are derivatives of hydrocarbons in whose molecules one or 
more hydrogen atoms are substituted by hydroxyl groups. In the 
general form, an alcohol molecule can be represented as R—OH. De- 
pending on the number of hydroxyl groups in an alcohol molecule, 
the molecular mass, the nature of the hydrocarbon radical to which 
the hydroxy] group is attached, and the nature of the parent hydro- 
carbon from which the alcohol molecule has been derived, alcohols 
differ somewhat in their physical and chemical properties. Alcohols 
are divided: 

(1) into monatomic (1) and polyatomic (I] and III) alcohols de- 
pending on the number of hydroxy] groups in a molecule: 


CH,OH 
| 
CH;CH,OH HoC— CH. CHOH 
| | | 
OH OH CH,OH 
J Il JII 
Ethanol Ethyleneglycol Glycerin 


1141-01542 
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(2) into primary (1), secondary (II), and tertiary (III) alcohols 
depending on the nature of the carbon atom to which the hydroxy! 
eroup is attached: 


R’” 
Hi | 
R—CH,0OH R—C— R’ R—C—R'’ 
| 
OH OH 
I II Ii 


(3) depending on the nature of the parent hydrocarbon, into: 
(a) aliphatic alcohols—the parent hydrocarbon is a branched (1) 
or unbranched (II) chain: 


H,C 
> ; 
CH— CH, — CH.OH CH,CH,0H 
f 
HC 
Jj gt 
Isoamy! alcohol Ethanol 


(b) cyclic alcohols—the hydroxyl group replaces a hydrogen atom 
in a cyclic hydrocarbon: 


CH, 


Menthol 


In all the above compounds, alcohol hydroxyl is the functional 
sroup, and it is exactly the latter group that underlies the physical, 
chemical, and pharmacological properties of the alcohols. For exam- 
ple, hydroxyl increases the solubility of a substance. The alcohols, 
especially the lower ones, dissolve in water. The solubility diminishes 
with a growth in the length of the carbon chain. Secondary alcohols 
are generally more soluble than primary ones, and tertiary alcohols 
are more soluble than secondary ones. This also relates to the boiling 
point: the latter lowers from primary alcohols to tertiary ones. 

Polyatomic alcohols have a sweet taste; this property increases 
with a growth in the number of hydroxyl groups in an alcohol mole- 
cule. 

Alcohols have a neutral reaction and react with alkali metals with 
the evolution of hydrogen: 


2R—OH + 2Na > 2RONa + H,4 
They form esters with acids: 
R—OH + R’COOH - RCOOR’ + H,O 
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Primary and secondary alcohols are easily oxidized. The oxidation 
of primary alcohols yields aldehydes, and of secondary ones—ke- 
tones: 


O H O 
[Oo] Z# | [0] | 
\ | 
H OH 


Tertiary alcohols are oxidized with great difficulty. 


95% Ethyl Alcohol (Spiritus aethylicus 95%) 


C,H,OH M.m. 46.07 

Ethyl alcohol or ethanol can be produced from natural compounds 
and synthetically. In the former case, it is produced by the fermenta- 
tion of saccharine substances: polysaccharides are transformed by 
enzymes into maltose (I), which decomposes, in turn, into glu- 
cose (II): 


2(CgHi995)p + nH.O —_> nC 19H 22011 
I 


CyeHe2011 + H,O —_ 2C,H,.0, 
I] 


The product of glucose fermentation is alcohol (in pharmacological 
practice ethyl alcohol is usually called simply alcohol): 


C,H 0, —> 2C,H,OH —- 2CO,+ 


Ethyl alcohol can also be produced synthetically from unsaturated 
compounds: 

(1) from ethylene by reacting it with sulphuric acid; the latter 
combines with the ethylene to form ethy] hydrogen sulphate, which 
is decomposed by water into alcohol and sulphuric acid: 


HO O 


N 4 HoO 
H,C= CH, —- ) a H,C— CH,— O— SO.0H —_ > 


/  \ 
HO 0 


(2) from acetylene by the Kucherov reaction; this method consists 
in the catalytic hydrogenation of acetic aldehyde which is produced, 
in turn, from acetylene: 


O 


Wa 
HC = CH+H,0 — H.C=CH(OH) = H,C—C—H 
Vinyl alcohol 
ii* 
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The acetic aldehyde is distilled and reduced by hydrogen in the 
presence of a catalyst (nickel, mercury sulphate, etc.), the product 
being ethyl alcohol: 


LA Ni or HgSOq (cat.) 
H,C— C— H-+H, ———————~_ H, CCH,0H 


Alcohol intended for medical purposes and produced in any of the 
above ways is thoroughly purified from possible admixtures by frac- 
tional distillation (rectification). The product is 95-96% alcohol. 
To obtain anhydrous (absolute) alcohol, chemical methods of bind- 
ing the water are employed, for example by unslaked lime (calcium 
oxide) or anhydrous sodium sulphate: 


A more’ up-to-date method for removing the water is the use of 
aluminium ethylate. It absorbs the water and transforms Into alu- 
minium hydroxide: 


Al(OC,H;)3 + 3H,0 ~ Al(OH),) + 3C,H,OH 


The State Pharmacopoeia describes the following ethyl alcohol 
preparations: 99%, 90%, 70%, and 40%. 

Ethyl alcohol is a transparent liquid. It is volatile, readily ig- 
nites, has a characteristic odour and a burning taste. It burns with 
a bluish, slightly glowing flame. It mixes in all proportions with 
water, ether, chloroform, acetone, and glycerin. 

The presence of alcohol is established by the following reactions: 

(a) the formation of iodoform when it reacts with an iodine solu- 
tion in an alkaline medium: 


C,H,OH + 4], + 6NaOH > CHI,} + HCOONa + 4NalI + 5H,0 


This reaction is sensitive, but it is insufficiently specific for alcohol, 
it also proceeds with compounds having in their molecule an ethoxy 


va / 
(OC,Hs5), aceto (CH,—C—) or hydroxyethyl (CH,—C—) group 


\ 
OH 
such as acetone and lactic acid: 
(b) a reaction of formation of esters with acids; when alcohol is 
reacted with glacial acetic acid in the presence of concentrated sul- 
phuric acid, the product is ethyl acetate having a specific odour: 


H»SO4 
C,H,OH + CH,COOH —— C,H,OCOCH, 
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(c) the oxidation of alcohol by potassium bichromate in the pres- 
ence of sulphuric acid with the formation of acetaldehyde having 
the odour of fresh apples: 


3C,.H;OH + K.Cr,0, + 4H,S0, 
O 
y, 
+ Cr,(SO,), + 3CH,C—H + K,SO, + 7H,O 


A typical property of alcohol is the magnitude of its specific grav- 
ity (or density). Depending on the alcohol concentration, the spe- 
cific gravity varies, increasing when the concentration diminishes. 
The State Pharmacopoeia contains tables of the specific gravity of 
alcohol for various concentrations. 

The impurities that may be present in ethyl alcohol are the products 
of its oxidation (acetaldehyde and acetic acid), dehydration products 
(unsaturated compounds having a reducing property), and residues 
of the synthesis raw materials and intermediates. For example, if 
ethyl alcohol was produced by the fermentation of saccharine sub- 
stances, it can contain an admixture of fusel oils (a mixture of higher 
alcohols—buty! and isoamyl alcohols) that can be determined by 
their unpleasant smell. 

“Hydrolysis” alcohol produced from sawdust can contain an admix- 
ture of methanol. This impurity cannot be tolerated because metha- 
nol is very poisonous and in a sufficient concentration may cause se- 
vere poisoning and blindness. Alcohol can contain an admixture of 
tanning substances if it was stored in oak kegs. 

With a view to the possibility of the above impurities being con- 
tained in alcohol, the purity of ethyl alcohol used for medicinal pur- 
poses must meet definite requirements. The acidity of the alcohol is 
stipulated. It is proposed to conduct reactions of aldehyde detection 
with an ammonia solution of silver nitrate. The presence of reducing 
substances should be detected with a potassium permanganate solu- 
tion which must not lose its colour during 20 minutes. 

It is good practice to determine the presence of tanning substances 
by adding a small amount of an ammonia solution to a sample of the 
alcohol, and no colour should appear. A reaction for detecting an 
admixture of methyl alcohol must be conducted without fail. For 
this purpose, the common reaction for alcohols is employed—the 
oxidation of potassium permanganate in an acidic medium. In this 
case, both the ethanol and the admixture of methanol become oxi- 
dized. Oxidation of the latter produces formaldehyde: 


Va 
5CH,OH + 2KMnO, + 3H,SO, ~ 5HC—H + K,SO, + 2MnSO, + 8H,O 


The formaldehyde easily condenses with phenols and, particularly, 
with a phenolic (chromotropic) acid with the formation of a violet 
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condensation product. The acetaldehyde formed in the oxidation of 
the ethanol does not enter into this reaction because it has a very 
low ability of participating in a condensation reaction. 

As regards its pharmacological properties, ethyl alcohol belongs 
to substances with a narcotic action. By acting on the cerebral cor- 
tex, it produces a typical alcoholic excitation, while in large doses 
it weakens the stimulating process in the cortex and suppresses the 
activity of the respiratory centre. 

In concentrations of 50-70%, alcohol has good disinfecting proper- 
ties and is used for disinfecting hands and surgical instruments. 

In medicinal practice, alcohol is generally used as an external 
antiseptic and irritant for massages and compresses. Ethyl alcohol 
in various dilutions is used for the preparation of tinctures, extracts, 
and a number of medicinal agents administered externally. Alcohol, 
in addition, is widely used in chemical practice as a solvent. It is 
the main raw material in a number of chemical manufacturing pro- 
cesses such as the production of vinegar, chloroform, iodoform, 
various ethers and esters. 

It should be stored in well closed glass bottles in a cool place. 


REVIEW QUESTIONS 


1. Howdothe physical and chemical properties of alcohols change depend- 
ing on the number of hydroxyl groups in a molecule? 

2. How does the number of hydroxyl groups affect the solubility of alco- 
hols in water? 

3. How is the physiological activity of an alcohol affected by the length of 
the carbon chain, branching of the carbon chain, the position of the hydroxyl 
group in the molecule, the presence of an unsaturated bond in the molecule, 
and by the introduction of halogens into the molecule? 

4, What properties of ethyl alcohol are used in the reactions of its identi- 
fication: 


Chapter I3. Aldehydes 


The functional group of an aldehyde molecule that determines its 
reactivity is the carbonyl group (~>C=O). This group is also pre- 
sent in molecules of ketones and esters. 

The carbonyl carbon atom bound to hydrogen forms an aldehyde 


Y/ 
group (—C—H): 
R H R R 
‘c=0 e=0 Sc=0 oo 
47 H R’ R’O 


Aldehyde Formaldehyde Ketone Ester 
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An exception here is formaldehyde, in whose molecule the carbonyl 
carbon atom is bound to two hydrogens. 

In ketones, two alkyl groups (R and R’) are bound to the carbonyl 
carbon, and in esters, one alkyl group (R) and one alkoxy group 
(R'O—). All these types of compounds containing the same func- 
tional group thus have common properties and identification reactions. 

In turn, each of these compounds also has particular, specific iden- 
tification reactions distinguishing them from one another. 

The physiological action of drugs containing an aldehyde group in 
their molecule varies and depends chiefly on the nature of the alkyl 
radical bound to the carbonyl carbon (Table 1). 


TABLE 1. Drugs Containing an Aldehyde Group in Their Molecule 
and Their Main Action on an Organism 


Formula Name Action on organism 
O 
Va 
H—C—H Solution of for-| Antiseptic 
OH maldehyde 
WA ({orma]in) 
CC], — CH Chloral hydrate} Sedative, anti- 
\ convulsive 
OH 
O 
fo 
CH,OH— [CHOH],—C—H Glucose Roborand 
O 
(CH,).C = CH — (CH,), —C= CH— C—H |} Citra] Lowers arterial 
| blood pressure 
CH, 


LY _ 
0, nt \—cacn-u Cyminal Antimicrobic 
d agent 


An increase in the length of the alky] radical in an aldehyde mole- 
cule amplifies its physiological activity, but its toxicity also grows. 

The introduction of a halogen into an aldehyde molecule increases 
its narcotic (sedative) action. The narcotic properties of chloral are 
more pronounced than those of acetaldehyde: 


O O 


Lo va 
CC], —C—H H,C—C—H 
Chloral Acetaldehyde 
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An aldehyde group increases the toxicity of a substance, but it can 
be lowered substantially by the formation of the hydrate form of the 
aldehyde. Only a chlorinated aldehyde can form a hydrate. The hyd- 
rate form of chloral has a low toxicity and is used in medicine under 
the name of chloral hydrate exhibiting a sedative action: 


OH 
| 
| 
OH 


As regards their physical properties, aldehydes can be gaseous (form- 
aldehyde), liquid (the lower aldehydes), and insoluble solid (the 
higher aldehydes) substances. Aldehydes dissolve well in alcohol and 
ether. The lower aldehydes have an unpleasant stifling smell. Alde- 
hydes with a high molecular mass have a pleasant odour of flowers. 

In the chemical respect, aldehydes are very reactive compounds. 
This is due to the presence in their molecule of a highly polarized 
double bond which is responsible for the chemical properties of the 
aldehydes. Many reactions characteristic of aldehydes such as the 
formation of oximes and semicarbazones are employed for the qual- 
itative and quantitative analysis of drugs of the aldehyde group. 

Among the chemical properties of aldehydes utilized in the reac- 
tions of their identification, the following must be noted: 

1. Aldehydes are readily oxidized, being good reducing agents 
themselves. The reducing ability of aldehydes is illustrated by the 
following reactions: 

(a) a reaction with an ammonia solution of silver nitrate (the for- 
mation of a silver mirror); when an aldehyde solution is added to an 
ammonia solution of silver nitrate with heating, a deposit of reduced 
silver in the form of a mirror forms on the walls of the test tube: 


AgNO, + 2NH,OH -> [Ag(NH,).]NO, -+ 2H,O 
Wz 
2|Ag(NH3),]NO3 + R~C—H + H,0 


f 
~» 2Ag| + R--C—ONH, + NH,+ + 2NH,NO, 


This reaction is recommended by the State Pharmacopoeia for 
identifying drugs with an aldehyde group in their molecule; 

(b) a reaction with Fehling’s solution; the latter is added to a solu- 
tion of the aldehyde being tested and the mixture is heated. A brick- 
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red precipitate of copper(I) oxide Cu,O gradually forms: 
CuSO, + 2NaOH — Cu(OH), + Na,SO, 


O 
yi, 
Cu(OH), + 2Na00C— CH — CH— COOK + R—C—H 


| 
OH OH 
Fehling’s solution 


> 2CuO0H | +R—COONa + 2H,0 + Na0OC— CH — CH — COOK 
| 


| 
OH OH 
2CuOH ~— Cu,0{ + H,O 
Brick-red 


(c) a reaction with Nessler’s reagent in an alkaline medium; re- 
duced mercury having a dark colour precipitates: 


gL 
K,Hgl, + R—C—H + 3KOH +> R—COOK + 4KI + Hg} + 2H,0 


When employing these reactions in pharmaceutical analysis, one 
has to take their sensitivity into consideration. To identify a drug 
containing an aldehyde group, one should use the reaction with silver 
nitrate or Fehling’s solution, while to detect aldehydes as impuri- 
ties in drugs, a more sensitive reaction is needed (with Nessler’s 
reagent). 

2. Addition reactions of aldehydes are of interest for pharmaceu- 
tical analysis because their products are characterized by a definite 
melting point for each aldehyde. For example, aldehydes readily 
combine with sodium hydrogen sulphite to form bisulphite deriva- 
tives of the aldehydes—crystalline substances having a definite melt- 
ing’ point: 

O OH 


4 | 
R—C—H-+NaHSO, - R—C—SO,Na 

| 

H 


The bisulphite derivatives of aldehydes when heated with dilute 
acids produce the relevant aldehyde and sulphurous acid (the latter 
decomposes into sulphur dioxide and water): 


OH 

| a 
| 

H 


This reaction is used not only to identify a drug containing an 
aldehyde group, but also to purify aldehydes and separate them from 
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mixtures with other substances that fail to react with sodium hydro- 
gen sulphite. 

Addition reactions also include reactions of aldehydes with fuch- 
sinesulphurous acid*, when the solution acquires a red or red-violet 
colour. The addition of a mineral acid to the reaction mixture causes 
the colour to vanish. The only exception is formaldehyde in whose 
presence the colour does not vanish. Hence, this reaction is considered 
to be specific for formaldehyde. 

2. substitution reactions are reactions of aldehydes with amines 
and their derivatives, for example with hydroxylamine (I), phenyl- 
hydrazine (II), 2,4-dinitrophenylhydrazine (III), and semicarba- 
zide (IV): 


O NOH 
2 LL 
I. R—C—H + H,NOH -——~ R—C 
Nu 


i, —- “7 ol Ts 
~~ —H,0O 
yt H 
ILR—-C—H + H,:N—N No, ———— 
| ~H,O 
NO, 
H +29 + om 
—- R—C=N—N N~ °—+ R—CN-N=X NC + H,O 
NO, Crimson 
0: H 
Va . 4H ZN—N—CO— NH, 
IV.R-C—H + HaiN—N—G NH ——> + R-~—-C—H + H.O 


2 


The products of the reaction between these substances and alde- 
hydes precipitate and after drying have a definite melting point or 
colour (2,4-dinitrophenylhydrazine), therefore these reactions are 
used for identifying drugs containing an aldehyde group. 

The pharmacopoeial drugs of the aldehyde group include a formal- 
dehyde solution (formalin), chloral hydrate, and glucose. 


* Fuchsinesulphurous acid is prepared by passing sulphur dioxide through 
a fuchsine solution and is a colourless liquid. 
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In this group of drugs, we shall also consider hexamethylenetetra- 
mine (methenamine) whose physiological action is due to the formal- 
dehyde evolving when it reacts with an acid: 


(CH,),.N, + 2H,SO, + 6H,O — 2(NH,),SO, -+ 6CH,O 


Solution of Formaldehyde. Formalin 
(Solutio Formaldehydt) 


CH,O M.m. 30.03 


O 
va 
H—C—H 


Formaldehyde is produced in the industry by oxidizing methanol. 
A stream of air is passed through methanol heated to 50 °C, becomes 
saturated with methanol vapour, and is fed into a tube with a red- 
hot copper coil (the copper plays the role of a catalyst): 


Formaldehyde is a gas with a pungent unpleasant odour, soluble 
in water. It mixes in all proportions with water and alcohol. A 40% 
aqueous solution of formaldehyde (Solutio Formaldehydi) called for- 
malin is a pharmacopoeial preparation. It is a transparent colourless 
liquid with a pungent peculiar odour. 

To identify the preparation, one can use all the general reactions 
characteristic of aldehydes (see above), but specific reactions exist 
for formaldehyde that distinguish it from other aldehydes. Such reac- 
tions include the reaction of formaldehyde with phenols in the pres- 
ence of concentrated sulphuric acid with the formation of coloured 
products. 

The State Pharmacopoeia recommends phenolic acids for this pur- 
pose, namely, salicylic or chromotropic acid. 

Reaction with salicylic acid: 


HOOC A ~F4 “H! COOH 


4 tj 4 
NX 
+ + 
KH _ 
HO 290, on H,O 
HOOC COOH HOOC CH. _ 
ned HO OQ 


Methylenebissalieylie acid 
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In the first stage of the reaction, the concentrated sulphuric acid 
plays the role of a dehydrating agent, and therefore the phenol con- 
denses with the formaldehyde to form methylenebissalicylic acid, 
which is oxidized by the sulphuric acid to a quinoid structure. The 
latter reacts with the salicylic acid remaining unreacted. In the pres- 
ence of sulphuric acid, oxidation occurs with the formation of a red 
aurine dye: 


COOH 

@ H e H(5-0n @ o 

HO C O HO C O 
H.,SO, 

HOOC COOH HOOC COOH 

COOH 

OH 
Aurine dye 


The reaction with chromotropic acid proceeds similarly: 


SO,Na ae HO3$ 
O 
Oy 
HO . ) “eo.” 
‘50,Na wa HO,;S 


Methylenebischromotropic acid 


50;H — 


H HiSO4 
2H OH 


SO;3H HO;S 


Atalow temperature (below 9 °C), formaldehyde readily polymer- 
izes and forms paraform (CH,QO), that separates as a white precipi- 
tate. Paraform does not have the properties inherent in a formalde- 
hyde solution as a medicinal preparation. Therefore a formaldehyde 
solution should never be stored at a temperature below 9 °C. 

A formaldehyde solution may contain an admixture of formic acid 
that can form in the production of the formaldehyde. Therefore, the 
State Pharmacopoeia tolerates a certain acidity of the preparation. 
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To prevent any possible oxidation-reduction processes and to stab- 
ilize the preparation, methanol (not over 1%) is added to it. 

The quantitative determination of the preparation is based on the 
ability of the aldehyde to become oxidized. Jodine, hydrogen pero- 
xide, or Nessler’s reagent can be used as the oxidizing agent. The 
State Pharmacopoeia recommends the iodimetric method of deter- 
mining formaldehyde in which the latter is oxidized by iodine: 


a 
H—C—-H + 1, + H,O = HCOOH -+- 2HI 
Since the reaction is reversible, the acid formed must be neutral- 
ized with an alkali. But the iodine also reacts with an alkali to form 
a hypoiodite and an iodide: 
I, + 2NaOH — Nal - NaOl + H,0 
The hypoiodite can oxidize the formaldehyde: 
O 
Wa 
NaOl + H—C—H — Nal + HCOOH 


When the hypoiodite is left standing, it transforms into the iodate: 
3NaOl — 2Nal -+ NalO, 


After the formaldehyde has become oxidized, sulphuric acid is 
added, which displaces the iodine from the remaining salts (NaOI 
and NalIQO,) and from an amount of sodium iodide equivalent to them: 


5Nal -- NalO, -+ 3H,S0, > 3Na,SO, + 31, + 3H,0 


The evolved iodine is titrated with sodium thiosulphate. The dif- 
ference between the amount of iodine and the sodium thiosulphate spent 
for titration of the iodine equals the amount of iodine spent for oxi- 
dation of the formaldehyde. This method is suitable if the formal- 
dehyde solution contains no admixtures of other aldehydes and ace- 
tone, which also react with iodine. 

A different method can be used to determine formaldehyde in which 
Nessler’s reagent is used as the oxidizing agent: 


O 
4A 
H—C—H + K,[HgI,] + 3KOH — HCOOK + 4KI+ Hg) + 2H,0 


Brown 
Next an excess of a standard iodine solution is added to bind the 
mercury, and the excess iodine is titrated with sodium thiosulphate: 


Hg + I, + Hgl, 
Red 
Hgl, + 2KI + K,[Hel,] 


I, -{- 2Nao>202 —_> 2Nal + Nao540¢ 
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A formaldehyde solution (formalin) is used in medicine as a dis- 
infectant. Its action is based on its ability to coagulate a protein. 
The proteins of bacteria coagulate under the influence of formal- 
dehyde, which destroys the bacteria. A formaldehyde solution is a 
protoplasma poison and cannot be prescribed for oral administration. 
It is used as a disinfectant by surgeons for washing their hands and 
treating surgical instruments (a 0.5% solution), washing feet dis- 
posed to sweating (a 0.9-1% solution), and for syringing tn a dilution 
of 1:1000-1:3000. 

Since a formaldenyde solution can impart elasticity to tissues, 
it is often used for preserving anatomical and biological preparations. 

Formaldehyde must be stored in a dark place in well closed bottles 
or carboys at a temperature not below 9 °C. The carboys must have 
a label warning about the poisonous nature of the formaldehyde solu- 
tion. 


Hexamethylenetetramine (fH examethylentetraminum) 


C,HLON, M.m. 140.19 

Hexamethylenetetramine (methenamine, urotropin, hexamine) is 
produced by reacting a formaldehyde solution with ammonia. It 
was first prepared by A. Butlerov (1860), but only 35 years after its 
discovery was it first used in medicine. The raw materials used for 
its production are 40% aqueous formaldehyde and ammonia water. 
The 25% ammonia water is added to the formaldehyde solution, the 
mixture is stirred, and the temperature is maintained at 40-50 °C: 


a 
6H—C—H -+ 4NH, — (CH,),.N, + 6H,O 


After completion of the reaction, the medium of the reaction mix- 
ture should be alkaline and there should be a smell of ammonia. 
Activated carbon is added to the mixture, the latter is filtered, and 
the filtrate is evaporated in vacuum until a pasty mass forms. Cooling 
yields crystals of hexamethylenetetramine. They are sucked out, 
rinsed, and dried at 30-35 °C. The obtained preparation is recrystal- 
lized from alcohol. 

Hexamethylenetetramine is an odourless white crystalline powder, 
very hygroscopic. It has a burning taste, first sweet, and then bitter- 
ish. The drug dissolves well in water and alcohol, is soluble in chlo- 
roform, and almost insoluble in ether. Aqueous solutions of hexame- 
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thylenetetramine have a weakly alkaline reaction. When heated, the 
crystals sublime without melting. When aqueous solutions of hexa- 
methylenetetramine are heated, hydrolysis occurs with the formation 
of formaldehyde and ammonia: 


O 
va 


In an acidic medium, hexamethylenetetramine decomposes with 
the evolution of formaldehyde. When a solution of an alkali is added 
to the reaction mixture, a smell of ammonia is felt: 


va 
(CH,).N, + 2H,SO, + 6H,O -> 2(NH,),S0, + 6H-—-C—H 


This reaction is recommended by the State Pharmacopoeia to iden- 
tify hexamethylenetetramine. 

When it is heated with salicylic acid in the presence of concentrat- 
ed sulphuric acid, a violet-red colour appears. The reaction is based 
on the evolution of formaldehyde, which forms an aurine dye with 
salicylic acid in the presence of sulphuric acid (see the reactions for 
identifying Solutio Formaldehydi). 

Hexamethylenetetramine is a monoacidic base; the tertiary nitro- 
gen imparts basic properties to it, therefore it forms double salts 
with acids, for example, hexamethylenetetramine hydrochloride 
(CH,),N,-HCl. The presence of tertiary nitrogen, as in alkaloids, also 
underlies the formation of picrates (a yellow precipitate), tetraiodides 
(CH,),N,°1,, and other reaction products. Hexamethylenetetra- 
mine can form complexes with salts of silver, calcium, and with 
phosgene: 


2(CHa)gN,-3AgNQz3;3 (CHy)gN,-CaCl, 


Cl oO 
A 
(CHagNa °C —_ Cl 


As regards the quality of the drug, the State Pharmacopoeia does 
not tolerate organic admixtures and admixtures of ammonium salts 
(no yellow colour should appear when Nessler’s reagent is added to 
a solution of the drug with heating) and of paraform (turbidity of the 
solution when Nessler’s reagent is added with heating). Admixtures 
of chlorides, sulphates, and heavy metals are tolerated within the 
limits set by the relevant standards. 

The content of the drug can be determined by neutralization. 
A weighed sample of the drug is dissolved with heating in a definite 
amount of a standard sulphuric acid solution. After the mixture cools, 
the excess acid is titrated with an alkali using methyl! red as an indi- 
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cator. A control test is conducted simultaneously under the same 
conditions (the official method): 


Va 
(CHe).N, 4- 6H,O —|- 2H,50, ~_> 2(NHy4).S0, + S6H—C—H 


Hexamethylenetetramine as a base can be titrated with an acid 
using a mixed indicator (methylene blue and methyl orange) until 
the colour changes from green to blue-violet. This method is less 
accurate than the first one, but it is employed quite often in the ex- 
press analysis of drug mixtures. 

Hexamethylenetetramine is used as a disinfectant. Its action is 
based on the formation of formaldehyde in an acidic medium, which 
is just what exhibits a disinfecting action. It is administered to treat 
diseases of the urinary tracts. [t must be taken into account that if 
the urine does not have an acidic reaction, the drug is not effective 
because it does not decompose into formaldehyde and other products. 
In addition to its antiseptic action, hexamethylenetetramine exhib- 
its an antipodagric effect, hence it is also administered to patients 
suffering from rheumatism. 

Hexamethylenetetramine is also widely used as an anti-influenza 
agent. It is administered orally in powders and tablets and intrave- 
nously in the form of a 40% solution. 

It is dispensed in 0.20- and Q0.0-g powders and tablets, and also in 
ampoules containing 5-10 m! of a 40% solution. It should be kept 
in well closed jars. 


Chloral Hydrate (Chloralum hydratum) 
(A Problem Solving Research Method) 


OH 
CL,C— CH Cl,C —CH-H,0 
| | 
OH 
l 1 


Give the chemical name of the preparation of formula I. Character- 
ize the chemical structure of the preparation of formula Ii. What 
functional group is characteristic of chloral hydrate? What class of 
compounds does chloral hydrate relate to? 

Synthesize chloral hydrate. 

Use samples of the preparation to study its physical properties, 
namely, the colour and odour of the crystals. 

Chloral hydrate is hygroscopic at an increased humidity. It slowly 
volatilizes in the air. 
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Put 0.1 g of chloral hydrate into each of two test tubes, add 2 ml 
of water to the first and 1 ml of alcoho) to the second tube. Make 
conclusions on the solubility of chloral hydrate. 

Perform an identification test. 

1. To 0.2 g of chloral hydrate add 1 ml of a1 N sodium hydroxide 
solution. See what happens and compile the equation of the reaction. 

2. Dissolve 0.2 g of chloral hydrate in 2 ml of water, add 1 ml of 
an ammonia solution of silver oxide and slightly heat the mixture. 
Observe what happens and compile the equation of the reaction. 
Which functional group is responsible for this reaction? Explain the 
chemical meaning of the reaction. 

Perform a quantitative determination. 

Dissolve 0.1 g of chloral hydrate in 10 ml of aQ.1 N sodium hydro- 
xide solution (add it from a burette). In five minutes, titrate the 
excess sodium hydroxide with a 0.1 N hydrochloric acid solution 
(take two drops of phenolphthalein as the indicator) until the colour 
vanishes. 

Name the method of quantitative determination. Write the equa- 
tions of the reactions. Perform the required calculations. Conclude whe- 
ther the preparation corresponds to the requirements of the pharma- 
copoeia. The State Pharmacopoeia stipulates that the preparation 
must contain at least 99% and at most 101% of chloral hydrate. 

Storage conditions. Group B. 

What other conditions are required for the storage of chloral hy- 
drate? 

The maximum single dose is 2.0 g, the maximum daily dose is 
6.0 g. 

What is the drug used for? 

Upon completion of their independent work, the students discuss 
all the questions at the blackboard. 


REVIEW QUESTIONS 


1. What functional group is characteristic of an aldehyde molecule? 

2. How does lengthening of the alkyl radical affect the physiological activ- 
ity of aldehydes? 

3. What explains the high reactivity of aldehydes? 

4, What chemical properties do aldehydes have? 
' >. What explains the widespread use of addition reactions for alde- 

ydes 

6. Why is the ability of the aldehydes to participate in polymerization 
and condensation reactions studied by pharmaceutical chemistry? 

7. What chemical property of formaldehyde is its reaction with salicylic 
acid based on? 

8. Why can formaldehyde give a reaction of silver mirror formation? 

9. What property of formaldehyde is the quantitative determination of its 
solution based on? 

10. What are the requirements to the storage of formalin? 


t{2—01542 
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11. What will happen to a formaldehyde solution when it is kept at a tem- 
perature below 9°C? 

12. May polymerized formalin be used in medicine? 

13. Why must an aqueous solution of formaldehyde (formalin) never be 
taken orally? 

14. Which properties of hexamethylenetetramine are used in its quantita- 
tive determination by neutralization, by argentometry, and by iodimetry? 

15. Can solutions of hexamethylenetetramine be sterilized? 


PRACTICAL LESSON 


Analysis of Hexamethylenetetramine (Methenamine) 


4. Perform identification reactions. 

Heat an aqueous solution of the drug in a proportion of 1:10 with dilute 
sulphuric acid. A smell of formaldehyde is felt. Next add an excess of a sodium 
hydroxide solution and again heat the mixture; a smell of ammonia is felt. 
Write the equations of the chemical reactions. 

2. Conduct a quantitative determination (the neutralization method by 
direct titration; express analysis). 

Dissolve 0.1 g of the drug in 10 ml of water, add three drops of methyl! orange 
and four drops of methylene blue and titrate with a 0.1 N solution of hydrochlor- 
ic acid until a violet colour appears. Write the equation of the chemical reac- 
tion. 

3. Calculate the content of hexamethylenetetramine in per cent in thedrug 
by formula (1.1): 


x= ass « 100 — Sat x 100 


where V is the volume of the 0.14 NW solution of hydrochloric acid, ml, T = 
0.014 g/ml, and a is the mass of the sample taken for the determination, g. 
The State Pharmacopoeia stipulates that the content of C,H,,N, be at 


least 99%. 

4. Conclude whether analysis has indeed confirmed hexamethylenetetra- 
mine and whether its content corresponds to the State Pharmacopoeia. 

o. Are other methods of the quantitative determination of hexamethylenetet~ 
ramine possible? Write the equations of the chemical reactions. 


Chapter 14. Carboxylic Acids 


of the Aliphatic Series 
and Their Derivatives 


The carboxylic acids of the aliphatic series contain a carboxyl group 
in their molecule. In the general form, they can be depicted by the 
O 


a 
formula R—C_OH. In addition to the carboxyl group, molecules 
of carboxylic acids can contain other functional groups such as the 
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hydroxyl group (hydroxycarboxylic acids) (I) or an amino group 
(amino acids) (II): 


H OH H O 
| | fA 
R—C—C— OH R—O—C— OH 
bn NH, 
I II 


Free carboxylic acids are used very rarely in medicine. The expla- 
nation is that the acids dissociate into ions and ionogenic hydrogen; 


a a 
R—C—OH = R—C—O:°-+ Ht 


It causes an irritating action and the higher the strength of an acid, 
i.e. the larger the degree of its dissociation, the more does it exhibit 
an irritating, cauterizing effect. 

This is why not the acids themselves, but their salts and esters 
are used in medicine because the substitution of the carboxyl group 
hydrogen by a metal or an alcohol residue substantially reduces or 
completely eliminates the irritating action. 

The degree of dissociation depends on the size and nature of the 
radical bound to the carboxyl group. With a growth in the molecular 
mass, the dissociation constant drops, which is also due to the fact 
that the solubility diminishes with a growth in the radical. 

The pharmacological preparations of the carboxylic acids include 
potassium acetate, calcium lactate, sodium hydrogen citrate for 
injections, sodium citrate for injections, and calcium gluconate. The 
physiological action of these preparations is mainly due to the ca- 
tion. 

For example, potassium acetate is administered in cardiac oedema 
and as a salt diuretic; calcium lactate and calcium gluconate have 
an action like that of calcium chloride; sodium citrate provides an 
alkali reserve in the blood. 

The chemical properties of the carboxylic acids are mainly deter- 
mined by the properties of the carboxyl group. 

The carboxylic acids dissolve in caustic and carbonate alkalies 
with the formation of salts. They form variously coloured precipi- 
tates with salts of the heavy metals in a neutral medium. With alco- 
hols, they form esters having a characteristic odour. All these prop- 
erties of the carboxylic acids are employed in the pharmaceutical 
analysis of the relevant drugs. Since salts of carboxylic acids are 
used in medicine, they are identified according to the cation and 
anion. 


12* 
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Calcium Lactate (Calctt lactas) 
[CH,—CH(OH)—COO],Ca-5H,0 


C,H, ,Ca0,:5H,O M.m. 308.30 
Calcium lactate is obtained in the industrial production of lactic 
acid. The latter forms in the fermentation of saccharine substances 
such as glucose: 
C,H,.0, > 2CH,CH(OH)COOH 


To produce calcium lactate, lactic acid is neutralized with calcium 
carbonate: 


2CH,CH(OH)COOH + CaCO, — [CH,CH(OH)COO],Ca + CO,+ + H,O 


Calcium lactate is a fine white powder. Owing to the presence of 
crystallization water in the drug, it rapidly weathers in the air. It 
dissolves slowly in water with the formation of turbid solutions. It 
dissolves readily in hot water, and very poorly in alcohol, ether, and 
chloroform. 

The drug is analysed for both the cation Ca?* (see the reactions of 
identification of calcium chloride, p. 114f) and the anion (lactate 
ion). The latter is determined by the action of an oxidizing agent—a 
solution of potassium permanganate in.an acidic medium. Under 
these conditions, the lactate ion evolves acetaldehyde, which is 
detected by its odour, while the solution is decolourized because of 
the reduction of the Mn’* to Mn?*: 

5(CH,CH(OH)COO],Ca + 4KMnO, + 11H,S0, 
Red violet 


O 
Zo 
+ 10CH,C—H ++ 2K,SO, + 4MnSO, + 10CO,+ + 5CaSO, + 16H,O 


Colourless solution 


The State Pharmacopoeia does not tolerate any admixture of 
arsenic in the drug and establishes the limit of the alkalinity and 
acidity. 

The content of calcium Jactate in the drug is determined by com- 
plexometry (the pharmacopoeial method). A solution of the drug is 
titrated with Na-EDTA in the presence of an ammonia buffer solu- 
tion using Acid Chrom Dark Blue as the indicator up to a blue-violet 
colour (see Sec. 1.1). 

Calcium lactate is used in the same cases as calcium chloride. It 
is more favourable than the latter because it does not irritate the 
mucous membrane of the stomach. It is taken orally in the form 
of a powder (0.5-1 g) and intravenously in the form of 5-10% aque- 
ous solutions (the drug is dissolved in hot water). 

It is kept in well closed glass jars or in packages made from kraft 
paper with a semi-parchment lining. 
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Sodium Citrate for Injections 
(Natrui citras pro tnjectionibus) 
CH,COONa 
4o—¢—COONa -51/2H.0 
H.COONa 


CH,Na,0,-5 ~ H,0 M.m. 357.16 


In its chemical structure, the drug is the hydrate of the trisodium 
salt of citric acid. It is a white crystalline powder or colourless crys- 
tals with a salty taste. It dissolves well in water and weathers in 
the air. 

Sodium citrate is prepared by neutralizing citric acid with an 
accurately calculated amount of sodium carbonate. 

The drug is analysed for the sodium ion (it colours a flame yellow) 
and for the citric acid residue. The most characteristic reaction for 
the citrate ion is that with calcium chloride or hydroxide. When a 
calcium chloride solution is added to sodium citrate in the cold, a 
transparent solution forms, but when heated it becomes turbid 
owing to the formation of calcium citrate, insoluble in hot water; 
when cooled, the precipitate dissolves again: 


CH,COONa CH.COO” 
2HO—C— COONa + 3CaCl — > Ca, HO—C—COO- + 6NaCL 
CH,COONa CH.COO- 


2 


The drug must contain no admixtures of arsenic, tartaric acid, 
oxalates, and other organic impurities. 

The content of sodium citrate in the drug can be determined in 
several ways: 

(a) by ion-exchange chromatography, using the cation exchanger 
KRY-2 in the H form: 


CH,COONa CH,COOH 
OH | LOH 
3 (Cat]“H* + Cm ——» 3([Cat]“Na* + cm 
“COON “COOH 
CH,COONa CH,COOH 


The evolved citric acid is titrated with an alkali using phenol- 
phthalein as the indicator (the pharmacopoeia! method); 

(b) by neutralization; the direct titration of sodium citrate with 
an acid using a methyl orange indicator in the presence of ether, 
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which extracts the citric acid evolving during titration (this method 
has been proposed by Z. Umansky): 


[on CH,COOH 

OH ~ 7 
C - 5H,.0+3HCL —> C +3NaCl + 5H,0 
| ScoONa | “COOH 
CH,COONa CH,COOH 


The drug creates an alkali reserve in the blood. Its 10% aqueous 
solutions have a pH of 7-7.5. But the main use of the drug is to 
prevent the coagulation of blood, and it is therefore used as a blood 
preservative when storing large amounts of blood for medical pur- 
Pores. This drug played an especially important role during World 

ar IJ 


Sodium Acid Citrate for Injections 
(Natrii hydrocitras pro injectionibus) 


CH,COONa 
HO—C—COOH -1t14H.0 
CH.COONa 


CgH,Na,0,-1 + H,O M.m. 263.11 


Sodium acid citrate (disubstituted) forms colourless crystals or a 
white crystalline powder with an acidic taste. It is similar in its 
properties to the trisodium salt, and therefore all the reactions of 
the latter also relate to this drug. 

The content of the substance in the drug is determined by neutral- 
ization (the pharmacopoeial method): 


CH,COONa PH2c0ONe 
HO-C—coon + NaOH —» HO—-C—COONa + H,0 
| 
CH,COONa CH,COONa 


It should be stored in well closed jars. 
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Chapter 15. Amino Acids 
of the Aliphatic Series 


Carboxylic acids containing an amino group in addition to the car- 
boxyl one are called amino acids: 


oH 


R—C—COOH 


| 
NH, 


The amino acids are abundant in nature and are structural ele- 
ments of protein molecules. They play an important role in biological 
processes. 

The amino acids of the aliphatic series have an amphoteric nature 
because of the presence of an acidic (—COOH) and basic (—NH,) 
group. Hence, they form salts with alkalies and mineral acids. 

Being amphoteric electrolytes, amino acids exist in the form of 
bipolar or zwitter-ions (inner salts) both in aqueous solutions and in 
the solid state: 


Hi O H O 


va | oO 
—C—OH 2 R—C—C—QO- 
| + 
NHg 
Zwitter-ion 


One of the features of amino acids is their ability to be readily 
oxidized to ammonia, carbon dioxide, and an aldehyde, while if 
oxidizing agents such as sodium nitrite in an acidic medium or 
nitric acid are used, the oxidation proceeds to molecular nitrogen 
with the simultaneous formation of hydroxyacids: 


f° 
R—CH—CZ—oH 


| 
NH,~Vey 
ON Oy °, * hy 
0 MD Cy 
4 3 oO 
NHst+ CO.f+ R—C—H R—CH—C—H +NJ+2H,0 
H 
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Amino acids are characterized by the formation of copper salts in 
which the copper ion is bound by additional valences to the nitrogen 
atoms, forming a complex ion of a dark blue colour: 


ih F=0 
H.N O 
| ; NY a 
2R GH COOH + CuSO, +2NaOH ——> ye Cu + Na,SQ, + 2H,0 
NH, aah ~e 
R—CH C=0 


This colour reaction is used to identify amino acids. All the acids 
of the aliphatic series react with ninhydrin. The product of this 
reaction is coloured, which is used for identification. 

Of the amino acids of the aliphatic series, glutaminic acid, methio- 
nine, and aminalon are employed the most in medicine. The first two 
preparations are pharmacopoeial ones. 


Glutaminic Acid (Acidum glutaminicum) 


1-Aminoglutaric Acid 
HOOC — CH, — CH, — CH — COOH 
NH, 


C,H NO, M.m. 147.13 

The chemical name of glutaminic acid (glutamic acid) is 1-ami- 
noglutaric acid. It is contained in a number of proteins such as myo- 
Sin, casein, and 2-lactoglobulin. A large amount of glutaminic acid 
is contained in the proteins of the brain and in cereals. It was for- 
merly produced exactly from cereals by acid hydrolysis. At present, 
glutaminic acid is synthesized. 

Glutaminic acid is a white crystalline powder with an acidic 
taste. It dissolves sparingly in cold water and better in hot water. 
It does not dissolve in organic solvents. Being an amphoteric com- 
pound, it dissolves in acids and alkalies to form salts. 

Glutaminic acid is identified by its reaction with ninhydrin. The 
essence of this reaction consists in that the ninhydrin oxidizes the 
glutaminic acid and decomposes it into an aldehyde, carbon dioxide, 
and ammonia. The evolving ammonia condenses with the second mol- 
ecule of the ninhydrin and with the product of its reduction—di- 
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ketohydroxyhydrinden: 
oe 
CO-H,O + HOOC— CH, —CH:--GH—COOH —» 
A 
C~ O 
ZA 
—» ScHo# + HOOC—CH,—CH,—C—H + NH,| + co, 
CSo 
O On 
C7 HSC 
Neso1 + WNT (NO ——~ 
fot Stu ay Ne ~2H,0 
CN5 _HO! 07 
H 
07" 3 NH 
OH 
_. Cr Ne=n—c” : 
/ \ 
Cw i 
0 O 
I 
Z ONH. 
a4 C 
_ oe Yoan-ef TO) 
Cc 
I i 
O 
II 
Blue-violet 


The ammonium salt (II) of the enol form of the obtained com- 
pound (i) has an intensive blue-violet colour. 

When glutaminic acid, like other amino acids, reacts with copper 
sulphate in an alkaline medium, a coloured copper complex forms 
which is also used for analysis. 

The State Pharmacopoeia recommends the quantitative determi- 
nation of glutaminic acid in the drug using two methods: 

(a) by the amount of fixed nitrogen, which is determined by the 
Kjeldahl method; 
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(b) by neutralization; the glutaminic acid is titrated with a sodium 
hydroxide solution in the presence of bromothymol blue until the 
yellow colour changes to a light bluish-green one: 


HOOC— CH, — CH,— CH— CO0O--+ NaOH 


NH. 
>» NaQOC— CH, — CH, — CH ~— CO00-+-H,0 
NH, 


Glutaminic acid participates in the process of nitrogen metabolism 
in an organism. It binds the ammonia formed during metabolism 
and thus facilitates its detoxification. 

Glutaminic acid is employed in medicine in diseases of the central 
nervous system, chiefly in various psychic disorders. It is taken oral- 
ly in the form of 0.25-¢ powders or tablets, more rarely intravenously 
in the form of a 1% solution. It is dispensed in the form of powders, 
ampoules, coated tablets, or tablets dissolving in the intestine, each 
containing 0.25 g of the drug. 

It should be kept in a well closed container in a place protected 
from light. 

In addition to glutaminic acid, its calcium and magnesium salts 
are used in medicine. The indications for their use are the same as 
for the parent acid. 


Aminalon (Aminalonum ) 
HN ~-CH,—CH,—CH,—CO0H 


C,H NO, M.m. 103.12 

In its chemical structure, aminalon (GABA) is 3-aminobutyric 
acid. It is a synthetic Soviet drug with a psychotropic action identi- 
cal to the Japanese drug Gammalon. 

d-Aminobutyric acid is a biogenic substance. It is contained in 
the central nervous system and participates in metabolic processes 
in the brain, therefore aminalon is chiefly used in vascular diseases 
of the brain. 

Aminalon is a white crystalline powder with a slightly bitter 
taste and a weak specific odour of amino acids. It dissolves readily 
in water and very sparingly in alcohol; the pH of a 5% aqueous solu- 
tion is 6.9-7.5. 

Aminalon can be tested by all the reactions characteristic of 
amino acids of the aliphatic series such as a reaction with ninhydrin, 
and with copper salts. 
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The content of aminalon in the drug, like that of glutaminic acid, 
ds determined by neutralization: 


H,N—-CH,—CH,—CH,—COOH + NaOH 
+ H,N—CH,—CH,—CH,—COONa + H,O 


The drug is dispensed in the form of coated 0.25-g¢ tablets. 
It should be stored in a dry place protected from light. 


REVIEW QUESTIONS 


14. Which functional group characterizes a molecule of a carboxylic acid 
of the aliphatic series? 

2. How does the carboxyl group affect the solubility of substances in water? 

3. How does the carboxyl group affect the physiological activity of sub- 
stances? 

4. Why have the carboxylic acids of the aliphatic series not found wide- 
spread application in medicine? 

5. What underlies the chemical properties of the carboxylic acids? 

6. Substantiate the possibility of determining sodium citrate by ion-ex- 
change chromatography. 

7. Why can the quantitative determination of sodium citrate be performed 
by neutralization? For what purpose is ether added in the given case? 

8. What. explains the statement that sodium citrate was of a great value 
during the years of World War II? 

9. In what does sodium citrate differ from sodium acid citrate? 

10. In the quantitative determination of glutaminic acid by titration with 
an alkali, why does the substitution of hydrogen by sodium occur only in the 
carboxyl group remote from the amino group? 

41. What properties underlie the quantitative determination of aminalon 
by non-aqueous titration? 


PRACTICAL LESSON 


Analysis of Sodium Citrate 


Perform the quantitative determination of the sodium citrate in the drug 
by ion-exchange chromatography according to the State Pharmacopoeia. 

1. Write the equations of the chemical reactions. 

2. Make the required calculations and conclusions. 

3. Assess the method of ion-exchange chromatography. 


Analysis of Sodium Acid Citrate 


1. Perform an identification reaction. 

Dissolve a small amount of the analyte drug in water and add a calcium 
chloride solution. When the solution is heated (boiled), a white precipitate 
forms that dissolves in hydrochloric acid. Write the equations of the chemical 
reactions. 

2. Conduct a quantitative determination (neutralization—express anal- 
ysis}. 

Dissolve a sample of the drug weighing 0.1 g in 10 ml of water, add three 
drops of phenolphthalein and titrate with a 0.1 NV solution of sodium hydroxide 
until a pink colour appears. Write the equation of the chemical reaction. 
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3. Calculate the content of the sodium acid citrate in the preparation in 
per cent by formula (1.1): 


=< x 109 = YAO x 400 


where V is the volume of a 0.4 N sodium hydroxide solution, ml, 7 = 0.0236 g/ml, 
and a is the mass of the drug taken for the determination, g. 
According to the requirements of the State Pharmacopoeia, the content of 


CoH Na,07-15H,0 should be at least 98.5% and at most 101.5%. 


4. Compare the obtained result with the requirements of the State Pharma- 
copoeia and make the corresponding conclusion. 


Analysis of Glutaminic Acid 


Control the quality of glutaminic acid with respect to all indices according 
to the requirements of the pharmacopoeia in force in your country. 


Chapter 16. Ethers and Esters 


Only a few compounds having an ether or ester group alone as their 
functional group are employed in medicine. The best known prepara- 
tions of this series are diethyl ether, dimedrol, nitroglycerin, and 
amyl nitrite. But there are numerous drugs whose molecules in 
addition to other functional groups contain either an ether or an 
ester group. Examples are local anaesthetics [novocaine (procaine), 
anesthesin (benzocaine), dicaine (tetracaine)], tropanic and indolic 
alkaloids, many hormones, and vitamins. 

Esters are encountered widely in nature. The pleasant aromas of 
flowers, fruit, and berries are due substantially to the presence of 
esters in them. 

Ethers and esters find the most diverse applications in medicine. 
The lower ethers are volatile and unlike esters are inert substances 
of a neutral nature. These properties are what determines their use 
for inhalation narcosis (ether for narcosis). 

The higher ethers are solid crystalline substances having a differ- 
ent application. 

Drugs are sometimes purposefully converted into esters to prolong 
their action. For example, corticosteroids in the form of acetates 
and androgen hormones in the form of propionates have a more pro- 
longed action. 

Sometimes an ester is used as the initial form of a drug to provide 
a directed action in an organism. For example, the phenyl ester of 
salicylic acid (phenyl salicylate) decomposes in the intestine under 
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the influence of the alkaline medium with the evolution of phenol, 
therefore it is just in the intestine that it has an antiseptic action: 


COONa OH 
Cuane, NaQH CX CY 
NaQh + 
OH OH 


Both ethers and esters readily dissolve in organic solvents, while 
diethyl ether is itself a good organic solvent and is often used for 
the extraction of active principles, for example from plant raw ma- 
terial, or for the separation of certain bases from complex drug mix- 
tures. 


16.1. ETHERS 


Ethers can be considered as the products of substitution of the 
hydrogen atom in the hydroxyl of an alcohol by a radical (R): 
R—OH — R—O—R 
Alcohol Ether 


Ethers can also be considered as derivatives of water (a) in whose 
molecule the hydrogen atoms have been replaced by radicals, and 
as anhydrides of alcohols (b): 

(a) HOH + R—O—R 
(b) 2ROH — H,O-+R—O—R 
—Hs20 


If the radicals in an ether molecule are different, the ethers are 
said to be mixed: 


R—O—R’ 


Kithers are chiefly produced by the dehydration of alcohols in the 
presence of water-removing agents (sulphuric or phosphoric acid, 
anhydrous salts such as CuSO, and ZnCl,): 


2C,H,OH —_> H,O +- C,H;,—-O—C,H, 


They can also be produced from alkyl! halides (I) and sodium alco- 
holates (II) by an exchange reaction: 
C,H; I -- C,H,ONa —_ C,H;—O—C,H, + Nal 
I I] 


This method is used more frequently under laboratory conditions 
to produce mixed ethers (with different radicals). 

An ether produced in any way is purified from admixtures, is 
dried by letting it stand with dehydrated salts, and is distilled at a 
definite temperature. It must be had in view, however, that ethers 
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unlike esters can be readily oxidized even by the oxygen of the air 
to peroxides that are a major hazard in the distillation of the ethers 
and can be the cause of explosions. The product of oxidation of med- 
ical ether is ethylidene peroxide, which is exactly what causes an 
explosion: 


Consequently, prior to distilling an ether or determining its boiling 
point, it should be tested for the presence of peroxides. 

A feature of ethers is their ability to form oxonium salts with 
concentrated acids. This is due to the fact that the oxygen of an 
ether has two pairs of free electrons that attract a proton of an acid: 


(R —O*—R')HSO; 
| 
H 


Oxonium salts are similar to ammonium ones, but unlike the 
latter are less stable and easily decompose in the presence of water. 
The formation of oxonium salts is used in pharmaceutical analysis, 
for example for the identification of dimedrol (diphenhydramine), 
because some of these salts are coloured (see the reactions of identi- 
fication of dimedrol on p. 193). 

Of the ethers, medical ether (diethyl ether) and dimedrol are 
pharmacopoeial preparations. 


Medical ether (Aether medicinalis) 
C,H,—O—C,H, 


C,H, 0 M.m. 74.12 
Medical ether (diethyl ether, ethyl ether) can be produced in one 

of the ways described above, but the hydration of alcohol in the 

presence of sulphuric acid is the common industrial process: 


A™ 
o%” Now 0” ~oc.n. 


Ethylsulphuric 
acid 


+H,O 
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The ethylsulphuric acid reacts with the remaining alcohol to form 
ether: 


O OH 
SC aarin ,_ CaHs (OH — C,Hs—O—C,Hs + H,50, 
° u vi ttss Diethyl ether 


After purification from possible admixtures and drying, the ether 
is distilled and the distillate is collected at a temperature of 34-35 °C. 

The State Pharmacopoeia lists two ether preparations, namely, 
medical ether and ether for narcosis (Aether pro narcosi). Both drugs 
are produced in the same way, have the same chemical properties, 
and differ only in the degree of their purity. 

Ether is a colourless, transparent, very mobile liquid with a burn- 
ing taste and a peculiar odour. It dissolves in water, mixes in all 
proportions with alcohol, chloroform, and readily ignites. A mix- 
ture of ether vapour with oxygen or nitrous oxide easily explodes. 

The preparation is identified by its physical indices, namely, its 
boiling point (34-35 °C) and its specific gravity (0.715-0.718). 

During its production, ether can be contaminated with various 
admixtures such as acetaldehyde, which is detected by using Nes- 
sler’s reagent. Other possible admixtures are acetic acid and the 
product of sulphuric acid reduction—sulphur dioxide. The State 
Pharmacopoeia establishes a definite limit of the acidity. 

Ether can also be contaminated with an admixture of fusel oils 
(from alcohol) that are detected when the ether is evaporated from 
filter paper; the latter after the evaporation of the ether must have 
no odour of fusel oils. 

Peroxide compounds are a dangerous admixture. They form as 
a result of the contact of the ether with the air when standing and 
are a product of its oxidation. Peroxide compounds can be detected 
in ether by a reaction with a potassium iodide solution. If peroxide 
compounds are present, they oxidize the ionogenic iodine in the 
potassium iodide to molecular iodine that colours the ether yellow: 


C,H,—O—O—C,H,; + 2KI + H,O + I, + C,H,—O—C,H; -+ 2KOH 


To remove the peroxide compounds, the ether is shaken with an 
iron(II) sulphate solution, is next dried, and distilled. Iron(II) is 
readily oxidized by the peroxide to Fe(III), while the peroxide 
compounds decompose. 

Ether for narcosis must have a higher purity. For example, before 
pouring the ether into orange glass bottles for dispensing, an addi- 
tional test for aldehydes must be made with Nessler’s reagent which 
should produce a negative reaction for aldehydes during 25 minutes. 
An admixture of water is controlled in ether for narcosis with the 
aid of picric acid. The colour produced by this acid must not be 
more intensive than that of a reference. 
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The inhalation of large amounts of ether causes a state of intox- 
ication and complete narcosis. This explains its use in surgery for 
narcosis inhalation. Ether is also used for local anaesthesia. It is 
administered orally very rarely to stop vomiting. 

Ether is stored with care (group B) in well closed orange glass 
bottles in a cool place protected from light and far from a fire. 

Ether for narcosis is dispensed and stored in hermetically sealed 
bottles filled up to their top (to exclude the action of atmospheric 
oxygen). The stopper must be wrapped in metal foil to prevent the 
substances contained in it from getting into the ether. The label 
must bear the inscription “Aether pro narcosi’, and also the series 
and date of production. The bottles are opened for use immediately 
before an operation. If a bottle is open even a few hours before an 
operation, such ether is no longer suitable for narcosis. The prepara- 
tion must be checked every six months. 


Dimedrol (Dimedrolum) 


Neu, 


C\ Zs 
‘CH—O—CH,—-CH,—N HCL 


C,,H,,NO- HCl M.m. 291.82 

Dimedrol (diphenhydramine, benzhydramine) is produced by 
reacting benzhydrol (I) and the hydrochloride of para-dimethylami- 
noethylchloride (11) in the presence of an alkali. The resulting base 
(III) is transformed by the action of hydrochloric acid into the 
hydrochloride—dimedrol: 


@ CICH, CH.N(CH;):-HCl 
CHOH — 
O 
| 
0 : 
; HCL 
_— CH—O— (CH, Nn — 
Cy 


—Q—CH,—CH,—N - HCL 
CH 6) CH, 2 cu, 


Dimedrol 
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Dimedrol is a white finely crystalline powder without an odour or 
with a hardly perceptible one and with a bitter taste. When tasted, 
it causes a feeling of numbness on the tongue. It is hygroscopic. Di- 
medrol dissolves very readily in water, readily in alcohol and chloro- 
form, and very poorly in ether and benzene. 

Of the identification reactions, the most characteristic for dimedrol 
is the reaction of formation of coloured oxonium salts with concen- 
trated acids. For example, when dimedrol is reacted with concentrat- 
ed sulphuric acid, an oxonium salt forms whose colour ranges from 
yellow to brick red: 


Cr + CH, 
M Cc 


When water is added, the colour vanishes, which is associated 
with the decomposition of this salt. 

Dimedrol can also be identified by the evolution of benzhydrol, 
which forms when the drug is heated with dilute hydrochloric acid. 
The crystals of benzhydrol precipitate after cooling of the reaction 
mixture. When recrystallized and dried, they have a melting point 
of 62-67 °C. 

The chloride ion is determined with a silver nitrate solution. All 
these reactions are pharmacopoeial ones. The drug may contain 
admixtures of sulphates and heavy metals within the standard limits 
stipulated by the State Pharmacopoeia. 

The content of the drug is determined by acid-base titration in 
non-aqueous media (the pharmacopoeial method): 


H.C, CH, 
2 NcH—o—cu,—cH, —N~ - HCL + 2HCLO, + 


H.C. Neu, 


a CH,COOH H5C, 
+- Hg( CH, C00), ( ™~ 


+ _CHs 
Anhydrous. H.C, i a ry CLO; + 


H 


+ HgCl, + 2CH;CQOH 


Dimedrol can also be determined quantitatively relative to the 
bound hydrochloric acid by argentometry. | 

Dimedrol is used as an active antihistaminic (antiallergic) drug. 
It is administered in allergy, and also as a light soporific. 


13—01542 
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It is dispensed in 0.03- and 0.05-g powders and tablets and in 
ampoules containing 1 ml of a 1% solution. It should be stored in 
well closed containers protected from light and moisture. It is listed 
in Group B. 


16.2. ESTERS 


Esters can be considered as derivatives of acids in which the 
hydrogen of the carboxyl group has been substituted by a radical (R’): 


O O 
L WA 
R—C—OH — R—C—OR’ 


They can also be considered as derivatives of alcohols in whose 
molecule the hydroxyl hydrogen has been substituted by an acid 
residue: 


O 
4 
R—OH —> R—O—C—R’ 


The preparation of esters consists in reacting the relevant alcoho} 
and acid in the presence of water-removing agents or in reacting an 
alcohol with acid anhydrides (amyl nitrite). 

The low-molecular esters are mobile liquids with a characteristic 
specific odour, while the high-molecular esters are solids. All the 
esters are insoluble in water and well soluble in organic solvents. If 
an ester has been formed by an acid that is an oxidizing agent, it is 
explosive because intramolecular oxidation of the alcohol is possible. 
An example is nitroglycerin. 

A feature of esters is their ability to readily hydrolyze. The hydro- 
lysis is catalyzed by alkalies, acids, heating, and by oxidizing and 
reducing agents: 


O O 
via Va 
R—-C—O—R’+H,0 = R—C—OH-+ R’— OH 


The hydrolysis products are exactly what is used to identify 
esters, and since the hydrolysis products of each ester are different, 
this characterizes their individuality. 

A common reaction for esters is the formation of salts of the hydrox- 
imic acids (hydroximates), which are mostly coloured. The latter 
circumstance is used for identification of an ester group in a molecule 
of any preparation. The essence of this reaction consists in that in 
the alkaline hydrolysis (at pH >> 13) of esters in the presence of 
hydroxylamine, hydroximic acids (a) form. The products of their 
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reaction with salts of heavy metals (most often salts of Fe®+ and 
Cu*+ are employed) are hydroximates (b): 


O O 
va NaOH 4 
R—C—OR’--+NH,OH —-—> R—C—NHOH-+R’— OH (a) 
O O 
OG @ 
3R—C—NHOH-+ FeCl, — (R-—C— NHO-),Fe?+-+ 3HClI (h) 
We can give this reaction with ethyl acetate as a specific example: 
O 
va NaOH | 
CH, —C— OC2H,; —— C,H,OH +-CH,COOH 
O O 
ys ve 
CH, —C—|OH-+- H|NHOH ———-> CH,—C—NHOH+H,0 
° Acetohbydroximic acid 
O O 


va va 
3CH, — C— NHOH + FeCl, —> (CH; — C— NHO-),Fe?* + 3HCI 


Iron(III) acetohydroximate 


The colour of hydroximates varies depending on the composition 
of the formed salt. 

However, the reaction of hydroximate formation cannot be consid- 
ered as specific for esters because it also occurs with amides and 
acid anhydrides, as well as lactones. Hence, it is a group reaction 
for carboxylic acid derivatives (ethers, esters, lactones, amides, 
carboxylic acid anhydrides). 

Possible admixtures in esters are the products of their hydrolysis 
(alcohol, acid). 

The general principle underlying the quantitative determination 
of esters consists in their alkaline hydrolysis using a standard alkali 
solution whose excess is titrated with an acid: 


0 O 
v4 va 
R—C—O~—R’+ NaOH —~ R—C—ONa-+ R’— OH 
exc. NaQH-+ HCI] —- NaCi-++ H,O 


The pharmacopoeial preparations of the ester group include amyl 
nitrite* and nitroglycerin. 


* Amyl nitrite is an ester of isoamyl alcohol and nitrous acid: 

H,C 

H,C 

It is used as a spasmolytic (vasodilating) drug. 
13% 


> CH—CH,—CH,—0—N=0 
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Nitroglycerin (Nitroglycerinum) 


CH,—O—NOz¢ 
ou O—- NO. 
CH, — O—NOQOs, 
C;H,N30, M.m. 227.09 


Nitroglycerin (glyceryl trinitrate, trinitroglycerin) is an ester of 
nitric acid and the triatomic alcohol glycerin. It is produced by 
adding a mixture of nitric and sulphuric acids to a calculated amount 
of glycerin. The formed nitroglycerin gathers as an oil over the 
acid layer. It is separated, washed several times with water, a 
diluted soda solution (to neutralize the acid), and then again with 
water. After this, it is dried with anhydrous sodium sulphate. 

The reaction of nitroglycerin formation can be represented sche- 
matically as follows: 


CH,OH CH, —O—NO, 

| 3HNO | 

CHOH = = CH —O—NO,+3H,0 
CH,OH CH. _— O — NO, 


Nitroglycerin is a heavy oily liquid (its specific gravity at 5 °C 
is 1.601) with a sweet taste. It is insoluble in water, but dissolves 
well in organic solvents. It is very poisonous. 

A feature of nitroglycerin is its ability when jolted or heated to 
explode owing to its decomposition with the evolution of an enor- 
mous volume of strongly heated gases: 


4C,H,(ONO,)3 > 12CO,t + 6N,t + Ogt + 10H,O 


Consequently, if one has spilled out an alcohol solution of nitro- 
glycerin and there is a danger of an explosion after the alcohol evap- 
orates, one must treat the spilled out nitroglycerin with a solution 
of an alkali or sodium carbonate to hydrolyze the nitroglycerin. The 
products of its hydrolysis are not dangerous. 

Nitroglycerin is employed in medicine in the form of two drugs: 

1. Tablets of nitroglycerin (Tabulettae Nitroglycerini). 

2. An alcohol solution of nitroglycerin 1% (Solutio Nitroglycerini 
1%). 

The latter drug is a colourless transparent solution with a neu- 
tral reaction (its specific gravity is not over 0.829). 

The hydrolysis of nitroglycerin in the presence of an alkali yields 
glycerin and a nitrate: 
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If potassium hydrogen sulphate is added to the products and the 
mixture is heated to 180 °C, a pungent characteristic smell of acro- 
lein appears (the reaction for glycerin): 


O 
yy, 

C,H,(OH), “-! CH,=CH—C—H 

{9° 


Acrolein 


The nitric acid residue is determined by the action of a sulphur- 
ic acid solution of diphenylamine; the mixture will acquire a deep 
blue colour. 

For the quantitative determination of a 1% alcohol solution of 
nitroglycerin, the State Pharmacopoeia recommends the photocolor- 
imetric method. In this case, the nitroglycerin is first subjected to 
acidic hydrolysis. Phenoldisulphonic acid is added to the hydrolysis 
products and reacts with the nitric acid formed as a result of the 
hydrolysis of the nitroglycerin. A yellow nitroderivative of phenol- 
disulphonic acid forms. Its colour is intensified by the addition of 
an ammonia solution: 


NO; 


ronson 


90;H 


The optical density of the coloured solution is determined at 
410 nm, because at this wavelength the given compound has the 
maximum optical density. The nitroglycerin content in the drug is 
determined for the obtained value of the optical density by means oi 
a calibration graph plotted for potassium nitrate. 

Nitroglycerin is used in medicine as a spasmolytic (vasodilating) 
agent in angina pectoris. Its action is similar to that of amyl ni- 
trite, but in comparison with the latter is slower and more pro- 
longed.: When a nitroglycerin solution is taken orally, a piece of sugar 
is wetted with the drug and held in the mouth up to complete dis- 
sipation. 

The drug is dispensed in bottles containing 5-10 ml of a 1% alco- 
hol solution and in tablets each containing 0.5 mg of pure nitro- 
glycerin. Keep the bottles with a nitroglycerin solution in a cool 
place protected from light and far from a fire. It is listed in Group B. 


Sustac dispensed in tablets is a special medicinal form of nitroglycerin with 
sustained release. When taken orally, a part of the tablet is assimilated rapid- 
ly and produces an effect already in 10 minutes. The other part of the tablet 
is assimilated slowly and its action continues for several hours. This makes it 
possible to prevent attacks of angina pectoris in chronic coronary insufficiency. 
This drug is produced in the Socialist Federal Republic of Yugoslavia. 
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REVIEW QUESTIONS 


Ethers. 1. Characterize the reactivity of ethers. 

2. What process occurs when ethyl! ether is left in the light and in the air? 
Write the equation of the chemical reaction. 

3. Why does the purity of medical ether have to be checked every six months? 

4. Why does medical ether have to be stored far from a fire? 

D. Why do bottles have to be filled with medical ether to the top when pre- 
paring it for dispensing? 

6. Why is it necessary to wrap the stoppers closing bottles with medical 
ether in metal foil? 

vay does the colour of the oxonium salt of dimedrol vanish when water 
is adde 

8. Why can the quantitative determination of dimedrol be performed by 
acid-base titration in non-aqueous media? 

9. Why must dimedrol be protected from moisture and light? 

Esters. 1. Which compounds are called esters? 
. What are lactones? 
. Which esters are explosive? Explain this from a chemical viewpoint. 
. What chemical properties do esters have? 
. What underlies the quantitative determination of esters? 
. What requirements must the storage of a solution of nitroglycerin meet? 

You have broken a bottle containing a solution of nitroglycerin (or 

spilled it out). How can an explosion be prevented? Write the equation of the 
chemical reaction. 


~] o> Or f Co ps 


Chapter |I7. Amides of Carbonic Acid 
and Their Derivatives 


Carbonic acid, like many other acids, forms a number of derivatives 
such as salts, esters, acid chlorides, and amides. 

Of major interest for medicine are the amides of carbonic acid 
because their derivatives are valuable drugs. 

Carbonic acid, being a dibasic one, forms two types of amides, 
namely, (a) a half or partial amide (the product of substitution of 
one hydroxyl by an amino group), i.e. carbamic acid, and (b) the 
complete amide (the product of substitution of two hydroxyls by 
amino groups), i.e. carbamide, or urea: 


O O O 

| | | 
OH—C—-OH — OH—C--NH, ~ NH, — C—NH, 
Carbonic acid Carbamic acid Urea 


Carbamic acid is highly unstable in the free state and decomposes 
into carbon dioxide and ammonia. But its acid chlorides, salts, and 
esters are well known. Of importance in medicine are the esters of 
carbamic acid known as urethanes, which have a soporific action: 


Urethane 
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Ethyl carbamate is the simplest urethane. Its formula is: 
O 


t 
CoH;,O ~~ C ~~ NH, 


A variety of urethanes can be prepared depending on the alcohol 
used for the esterification of carbamic acid. 

Among the derivatives of urea, the greatest interest for medicine 
are its acyl derivatives in which the hydrogen of the amino group of 
urea is substituted by an acid residue—acyl (Ac stands for the resi- 
due of any acid): 


O O #H 

| (| | 
NH,.—C—NH, — NH,—C—N— Ac 

Urea Ureide 


Acyl derivatives of urea were first prepared by N. Zinin, who named 
them ureides. 

When urea is reacted with a monobasic carboxylic acid, 
open (acyclic) ureides form: 


oO Ff O Oo H O 
| | Lo... | | Oo 
2 


Open ureide 


When urea is reacted with a dibasic carboxylic acid, both open 
and closed (cyclic) ureides can form depending on the reaction con- 
ditions: 


H-— --x. 
Oo / 
oO + CH Oo=—C CH, 
\ © -H,0 \ | 
NH, HOOC NH, COOH 
Malonic acid Open ureide 
ee O 
NIH  H@joc NO 
/ 13 4\ 
\ J 2H: 0 N1 6/ 
NiH HO! OC N- 
H ° NO 


Cyclic ureide 
( barbituric acid) 


When the hydrogens in the methylene group (position 5) of a bar- 
bituric acid are substituted by various radicals, a multitude of its 
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derivatives (barbiturates) used in medicine as soporific drugs can be 
produced. 

As regards their physical properties, drugs relating to ureides and 
urethanes are solid white crystalline substances sparingly soluble in 
water, except for salts. 

The ureides and urethanes have a number of common chemical 
properties. When heated with an alkali, they evolve ammonia and 
sodium carbonate, and when an acid is added, the sodium carbonate 
evolves gas bubbles (COQO,). 

The other products formed when urethanes and ureides react with 
an alkali make it possible to distinguish them from one another. 
When dealing with urethanes, an alcohol forms (1), and with ureides, 
the sodium salt of the relevant acid (iI): 


O 


|| f° 
OR—C—NH,.-+ NaOH — NH, + -+-Na,CO,-++ R— OH 
Urethane I 


O 


| 1° 
HNAc— C—NH,-+ NaOH — NH; *# + Na,CO3,-+ AcONa 
Ureide I] 


A representative of the urethanes is the drug meprotan, and of the 
open ureides is the drug bromisoval. 


Meprotan (Meprotanum) 
2-Methyl-2-propyl-1,3-propanediol dicarbamate 


CH; 


pr 1 al 3 YP 
H,N— C—O—CH,—C— CH,.— O— C—NH, 


CH, — CH.— CH, 


CoH, .NoO, M.m. 218.25 

The drug was synthesized at the USSR Ordzhonikidze Chemico- 
Pharmaceutical Research Institute. 

Meprotan (meprobamate, procalmadiol) is a white crystalline 
powder with a characteristic odour and taste. It dissolves sparingly 
in water and ether, and readily in 95% alcohol and acetone. 

Being an urethane, meprotan is decomposed by an alkali with 
the formation of ammonia, which is determined by its smell or by 
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wet red litmus paper turning blue: 
CH, OQ 
Zo» | 7 r 
H,N—C—O—CH,—C-—CH,—O—C=NH, +4NaQH —* 2NH,{+2Na;CO,+ 
CH,— CH,—CH, 


gi 
+ HO—CH,—C —CH,—OH 
CH,CH,CH, 
2-Methyl-2-propy!-1,3-propandiol 


When the drug is heated with concentrated sulphuric acid, carbon 
dioxide evolves. The latter is identified by passing it through lime 
water which becomes turbid: 

0 CH o 
ZA 
H;N—C—0 —CH, —¢—CH,—O—C=—NH, +H,SO, ——> 
CH,—CH,—CH; - 


CH, 
—» HO—CH,—¢—CH,OH +2CO, + (NH,),S0, 
CH.CH,CH, 


Ca(OH). — > CaCo,| 
The amino groups in a meprotan molecule can be acetylated. This 


is done with acetic acid anhydride. The diacetyl] derivative of mep- 
rotan should have a melting point of 123-425 °C: 


CH 
O 3 O CH,CO 
“7 LA sLUN 
H,N—C—O—CH,—C—CH,— O—C—NH, + ys —> 
CH,CO 
CH,CH,CH, 
CH 
H Ze _ 1) #H 
CH,CH,.CH, 


Diacety! derivative of meprotan 


All these reactions are official ones for identifying the drug. The 
latter may contain admixtures of chlorides, sulphates, heavy met- 
als, and arsenic. The State Pharmacopoeia tolerates the content of 
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these admixtures in the drug within standard limits. The limit of 
acidity and alkalinity in the drug is also established. 

The quantitative determination of the drug is performed by 
finding its nitrogen content using Kjeldahl’s method. 

Meprotan has a tranquilizing action on the central nervous system 
and amplifies the action of soporifics. [t is administered in the 
treatment of nervous and psychic diseases. 

It is dispensed in powders and tablets. It should be stored in well 
closed containers. It belongs to Group B drugs. 


Bromisoval (Bromisovalum) 


L-Bromoisovalerylurea 
HC 
CH —CH—CO—N—C—NH, 
H,C br H 6 


C,H, BrN,O., M.m. 223.08 

Bromisoval (bromeval, bromurea, bromvaletone) is an acyclic 
ureide formed by the monobasic monobromoisovaleric acid. It is 
prepared synthetically from isovaleric acid. 

Bromisoval is a white crystalline powder with a bitterish taste 
and a weak odour. It dissolves very sparingly in water, but is sol- 
uble in 95% alcohol. Its melting point is 145-150 °C. Being an ureide, 
bromisoval is decomposed by an alkali (NaQH) when heated with 
the formation of ammonia, sodium carbonate, sodium hydroxyiso- 
valerate, and sodium bromide: 


HC 
N\ &NaOH 
CH—CH—CO—N—CO—NH, —>> 
H,C Br H 
HC 
\ 
+ 2NH,++  CH—CH—COONa 
HC OH 


+ Na,CO; -+ NaBr 


When the products are acidified with dilute hydrochloric acid, gas 
bubbles (CO,) evolve, while with subsequent heating, a smell of 
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hhydroxyisovaleric acid is felt: 
| Na,CO, -+ 2HC) > 2NaCl + CO,+ + H,O 


H.C HC 
\ 
CH — CH— COONa-+ HCl — CH — CH — COOH +- NaCl 
| | 
H.C OH H.C OH 
Hydroxyisovaleric 
acid 


When the drug is heated with an alkali, the organically bound 
bromine in the bromisoval molecule becomes detached and passes 


‘over into the ionogenic state in NaBr. The latter can be confirmed 
by two reactions: 


(a) with a silver nitrate solution that precipitates silver bromide: 
NaBr -+ AgNO, — AgBr} + NaNO, 
Yellow 


(b) with an oxidizing agent such as chloroamine in the presence of 
a mineral acid, for example, HCl. The ionogenic bromine (HBr) is 


oxidized to molecular bromine which, when chloroform is added, 
‘colours it yellow: 


NaBr -+ HCl — HBr -+ NaCl 


Za 
Net 


Chloroamine 


2HBr + Cl, > Br, -+ 2HCl 


Brownish yellow 


When the drug is heated with concentrated sulphuric acid, the 
odour of isovaleric acid is felt: 


H,C O H,C 
Va HeSO4 \ 
CH— CH—CO—N—C—NH, —— HBr CH — CH,COOH 
| / 
H,C Br H H,C 
NH» 
+- C — O bd HW.SO0, 
NH, 


The State Pharmacopoeia recommends all these reactions for 
identifying the drug. 

The content of bromisoval in the drug is determined by finding 
its bromine content. The drug is heated with an alkali (NaOH) to 
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transfer the organically bound bromine into the ionogenic element 
(NaBr), after which it is determined argentometrically using the- 
Volhard method in the presence of ammonium iron alum: 


NaBr -+ AgNO, ~ AgBr] + NaNO, 
Yellow 
AgNO, + NH,SCN — AgSCN | + NH,NO, 
White 


3NH,SCN -++ (NH,)Fe(SO,4).  Fe(SCN)s + 2(NH,).SO, 
Red 


Bromisoval has a tranquilizing and soporific action on an orga- 
nism. It is dispensed in 0.3-g powders and tablets. As a soporific, it. 
is taken in doses of 0.3-0.5 g before sleep, and as a tranquilizer in 
doses of 0.2-0.3 g two or three times a day. It is listed in Group B.. 


REVIEW QUESTIONS 


1. Which compounds are called urethanes and which are called ureides? 

2. What is the reaction of identification of meprotan based on? 

3. What reaction underlies the quantitative analysis of meprotan? 

4. Can the presence of bromine in bromisoval be proved analytically (with- 
out decomposing the molecule)? 

9. What is the pharmacological action of bromisoval? 


PRACTICAL LESSON 


Analysis of Bromisoval 


14. Perform an identification reaction. 

Boil a small amount of bromisoval with an alkali solution for several min- 
utes and you will feel a smell of ammonia. Cool the solution, acidify it with 
hydrochloric acid, add afew drops of achloroamine solution and 1 ml of chloro-- 
form, and agitate the mixture. The chloroform layer acquires an orange colour. 
What causes the colour to appear? Write the equations of the chemical reactions. 

2. Conduct a quantitative determination (using argentometry by the Vol- 
hard method). 

Transfer 0.05 g of the drug into a heat-resistant flask, add 5 ml of a1 N 
alkali solution, 20 ml of distilled water, cover the flask with a funnel, and 
heat the mixture during 10 minutes. Next cool the mixture, add 20 ml of a2 N 
solution of nitric acid and 10 ml of a 0.02 N solution of silver nitrate (from 
a burette), six drops of the ammonium iron alum indicator, and the excess of 
the 0.02 N solution of silver nitrate; titrate with a 0.02 N ammonium thiocya- 
nide solution until a flesh-coloured precipitate forms. Write the equations of 
the chemical reactions. 

3. Calculate the content of bromisoval in the drug in per cent by the fol-- 
lowing formula, derived from formula (1.1): 


_ (VoKy—VK)T (40.0K,>—VK) X 0.004 462 
_ a 0.05 


where V, is the volume of the 0.02 WN silver nitrate solution, ml, V is the volume- 
of the 0.02 N ammonium thiocyanide solution, ml, K, is the correction factor 


x * {00 = * 400 
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for the 0.02 N silver nitrate solution, K is the same for the 0.02 N ammonium 
thiocyanide solution, 7 = 0.004 462 g/ml, and a is the mass of the sample, g. 

The State Pharmacopoeia requires that the content of C,H,,BrN,O, be 
at least 97.5%. 


4. Arrive at a conclusion whether the analysed drug meets the require- 
ments of the State Pharmacopoeia. 


Chapter 18. Cyclic Ureides 
(Barbituric Acid Derivatives) 


Barbituric acid is a cyclic ureide—a product of condensation of urea 
with dibasic malonic acid: 


H 
a 
3 4\ 
O—C 2 5 CH, 
484 
\ 
H XN 0 


Its acidic properties are due to the hydrogens of the methylene 


{—CH,) and imide ( NH) groups, which can be substituted by 


metals with the formation of salts. Barbituric acid exists in two 
tautomeric forms: 


OH 
H JV H pH H / 
N—C N—c N—C 
{ \ / \N / N 
O= , cH O=C\ cH —»- O=C fe 
NA N—Cx oN 
No H Xo H ‘OH 
Keto-enol tautomerism 
OH H 
_T p Va 
=e ae yr 
O=C cH, —+ O=C jc: — Ho CH, 
aN N=, \v= \ 
0 OH OH 


Imido- imidol tautomerism 


The imido-imidol tautomerism is generally a feature of barbituric 
acid derivatives in which the hydrogens of the methylene group are 
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substituted by radicals: 


The hydrogens of the enol groups (—OH) exhibit acidic proper- 
ties and can be substituted by metals with the formation of salts. 

Barbituric acid is not a medicament by itself, but it can yield an 
enormous number of drugs most of which are obtained by substi- 
tuting various radicals for the hydrogens of the methylene group 
(Table 2). 

In this connection, a very large number of therapeutically active 
drugs have been developed, chiefly with a soporific action. Some 
barbiturates in addition to their soporific effect exhibit an anticon- 
vulsive action (phenobarbital), while others are administered as 
narcotics [hexenal (hexobarbital)]. 

The barbiturates differ from one another in the nature of the 
radicals in the methylene group (R and R’) and in the nature of 
the substituents at N, and Ng. 

The barbiturate drugs are produced either in the form of the so- 
dium (monosubstituted) salts (barbital sodium, barbamyl, ethami- 
nal sodium, hexenal) or in the acid form (barbital, phenobarbital): 


O 
H 4 LP 
R N—C R 
/ \/s Y \/ 
O—=C C NaO—C C 
\ J\., \ / \a? 
N— R N—G 
H No 6 
Acid form Salt form 


Thiobarbiturates also exist in which the oxygen in the second po- 
sition of the ring has been replaced by sulphur, for example, thio- 
pental sodium (penthiobarbital, thiopentone): 


\ 
\y PH IGR a CHs 
HON 
O CH, 
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TABLE 2. Drugs of the Barbiturate Group 


Structural formula and chemica] 


Name name 
Barbital (Bar- H jp 
bitalum) (bar- N—C. C,H. 
bitone) 2 NP 
M.m. 184.20 O=Ce aN 5,5-Diethylbarbituric acid 
aN CH, 
O 
Pheno barbital H Y, 
(Phenobarbi- N—C’ CH; 
talum) (pheno- \L 
barbitone, O= y\ 5-Ethy]-5-pheay]barbitu- 
phenemal) N—c ‘Cos ric acid 
M.m. 232.24 \ 
O 
Barbital sodium {0 
(Barbitalum N—C. CGH, 
natrium) WA \ 7 
M.m. 206.48 NaO—C C Sodium 5,5-diethy] bar- 
Nw C.H biturate 
\ 
H OS 
Barbamy] (Bar- H 
bamylum) (amo- N—c’ CH, 
barbital, pen- 
tymal) NaOQ—C C CH, Sodium 5-ethyl-5-iso- 
M.m. 248.26 \ an ‘CH, a amylbarbiturate 
\ 
Xo Non, 
Ethaminal  so- pp 
dium (Aetha- Ne 
minalum nat- / \ poss 
rium) (Pento- _ C Sodium 5-ethy]-5(2-amy]) 
NaO 3 
barbital —so- iN / \ barbiturate 
M.m. 262.29 CH, 
Hexenal (Heze- FH 0 
nalum) (hexo- N—c7 CH 
barbital], meth- / \y 3 7 
ylcyclobar- NaO~ Cc Sodium 4,5-dimethy]- 
bital) X / 5-(cyclohexene-1-y])- 
M.m. 258.25 N—q barbiturate 
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Table 2 gives the chemical structure of barbiturate salts and acids 
that are pharmacopoeial drugs. 

Since the barbiturates mainly differ from one another in the na- 
ture of the radicals (R, R’), while the remaining part of their mole- 
cule is the same, their physical and chemical properties, ways of 
production, and methods of analysis are similar. 

The method of producing barbiturates consists in condensing 
urea (I) with the diethyl ester of dialkylmalonic acid (II): 


~o ee , 
NIH H.c,0-C~ HD 
on Ot ) \f of \/" + 28,.H,OH 
— — 2s 
\ oe - / \p! \ / Nps 
HE EE H 


The malonic acid is taken in the form of an ester because the free 
acid can easily become decarboxylated, and no cyclic ureide may 
form. First the corresponding radicals are introduced into the diethyl] 
ester of malonic acid by one of the chemical methods of organic chem- 
istry, for example, by the action of metallic sodium and the rele- 
vant alkyl bromide. When producing barbital, where R and R’ 
are ethyl*(C,H,), the reaction proceeds as follows: 


2C,H,OH +- 2Na _—> 2C,H,ONa -+- H, 


COOC.H, COOC,Hs 
C,H,ONa + CH, —» HCNa + C,H,OH 
COOC,H; \cooc.H. 
WI 
[ooo COOC3H, 
HCNa + C,H,Br —>- HC—C.H, + NaBr 
\ coc. COOC.H, 


Next, the operation is repeated, the second hydrogen of the methy- 
lene group is substituted by an ethyl radical, and the diethyl ester 
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of diethylmalonic acid (IV) is obtained, which is condensed with 
urea: 


Ho oe O 
/ iH HsC,0 aN pe N—e cn, 
one c —- o= ( \/ 
\ tH “H.C,0 oc/ \cun, y—c/ \cun. 
Ht-- ~~ Fa H \ 
iv O 


Barbital 


Depending on the nature of the radicals, different variants of syn- 
thesis can exist for each barbiturate. 

The barbiturates are finely crystalline white powders*. The acid 
forms of the barbiturates (barbital, phenobarbital) are sparingly 
soluble in water, but are soluble in organic solvents, solutions of 
alkalies and carbonates. The salt forms of the barbiturates dissolve 
well in water. 

The following identification reactions are used for barbiturates: 

1. With alkalies, the barbiturates form only monosubstituted 
salts. The disubstituted salts hydrolyze so readily that they do not 
virtually exist. 

Hydrogen can be replaced by a metal in positions 2, 4, and 6: 


O ONa O 
Y, / 
N-C p y=c’ R N— / PR 
Nan’ / \A4 J 
20. 5S O=C. ye O=c ¢ 
N—C. \p N—C \p° \wec \R’ 
H No H \ 
O ONa 


2. The barbiturates can enter into a reaction with salts of the 
heavy metals (AgNO;, CuSO,, CoCl,, etc.) with the formation of 
complexes. All the barbiturates form a complex of a blue-violet col- 
our with a solution of cobalt nitrate Co(NO;), in the presence of 
calcium chloride. Hence, this reaction is common for all barbitu- 
rates and is a pharmacopoeia! one. 

3. A reaction of fusing barbiturates with a solid alkali (for exam- 
ple, NaOH) is also a common one because regardless of the nature of 
the barbiturate, the decomposition products are ammonia, sodium 
carbonate, and sodium dialkylacetate. When the reaction mixture is 


* Hexenal, unlike the other barbiturates, is a white foamy mass. It decom- 
poses in the air under the influence of carbon dioxide. Hexenal, ethamina} sodi- 
um, and barbamyl are hygroscopic, which must be taken into consideration 
when storing them. 


14—01542 
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acidified, gas bubbles (CO,) evolve, and an odour of the dialkylacetic 
acid is felt: 


O 
H + 
N—c’” R R 
/ \/ t° \ 
—C C +5Na0H — 2NH,{ +2Na,CO, + ‘CH—COONa 
ACT / 
0 HCL HCL 
R 
\ 
CO, +H,0 jSH—COoH 
R 


The specific reactions for the barbiturates are chiefly determined by 
the nature of the radicals. For example, when barbiturates with a 
phenyl nucleus as one of the radicals (phenobarbital) or a cyclohe- 
xenyl ring (hexenal) are heated with formalin and concentrated sul- 
phuric acid, a pink ring forms at the interface of the two media (phe- 
nobarbital) or a brownish-red ring with a greenish fluorescence 
(hexenal). This reaction is recommended by the State Pharmaco- 
poeia to identify these drugs. 

To distinguish one barbiturate from another one, the State Phar- 
macopoeia recommends reactions with salts of heavy metals, name- 
ly, with copper sulphate in the presence of a hydrogen carbonate 
buffer (a mixture of Na,CO, and NaHCO, in definite proportions). 
Depending on the nature of the barbiturate, the colour of the formed 
complex varies (Table 3). 


TABLE 3. Identification Reactions for Selected Barbiturates with Copper Sulphate 


— 


Result of reaction with copper 


Name sulphate solution 
Barbital Blue colour, next a reddish-lilac precipi- 
tate appears 
Barbamy] (amobarbital) A pinkish-lilac precipitate; it does not 
change when left in the air 
Hexena] (hexobarbita]) Light blue colour changing to bright blue; 
a white precipitate appears 
Phenobarbital A pale lilac precipitate appears; it does not 


change when left standing 
Ethaminal sodium (pentobarbi- | A light blue precipitate 
tal sodium) 


The acid forms of the barbiturates are determined by their melting 
point, which is quite definite for each barbiturate. 
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The sodium salts of the barbiturates (hexenal, barbamyl, barbital 
sodium, ethaminal sodium) when reacted with mineral acids evolve 
the acid forms of the relevant barbiturates, which precipitate. After 
drying of the precipitate, the melting point of the relevant acid is 
determined. This reaction is the official one for identifying barbitu- 
rate salts and distinguishing them from one another: 


O 
H / H 
N—c’ R N—C 
/ f {H*) / \ ye 
NaO—G\ se O \ rr | 
N—C \R’ N—C. R’ 
O Ny 


The methods of the quantitative determination of the barbiturates 
are based on their chemical properties. Since barbiturates exhibit 
acidic properties, while their sodium salts readily hydrolyze with 
the formation of an alkali, the chief method of the quantitative de- 
termination is that of neutralization. 

The barbiturate salts (barbital sodium, ethaminal sodium, bar- 
bamyl, hexenal) are titrated with an acid using methyl orange or 
methyl! red as an indicator in the presence of ether. The latter extracts 
the acid formed during titration: 


0 
i N of R 
N— — 
aN Y Nf 
NaO—C C +HCL —» NaCl+HO—C be 
_ ‘ 
H ~S Hy Ny 


in ether fayer 


The acid forms of the barbiturates (barbital, phenobarbital) are 
determined quantitatively by acid-base titration in non-aqueous 
media because their dissociation constant in aqueous solutions is 
low, and they are weak acids. 

A 0.1 N solution of sodium hydroxide in a mixture of methanol 
and benzene or sodium methylate is the titrant in this case. 
pods 


NCH 


3 
and thymol blue or phenolphthalein is the indicator. The method is 
a pharmacopoeial one. 
Other methods are also used for the quantitative determination of 
the salt and acid forms of the barbiturates that are based on the 
chemical properties of these compounds. 


Dimethylformamide HCON is the non-aqueous solvent, 


14* 
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The physiological activity of the barbiturates depends on the 
chemical structure of their molecules and mainly on the nature of 
the radicals. 

Amplification of the soporific action of drugs of this group depends 
on a number of factors: 

(1) with an increase in the number of carbon atoms in the chain 
to five or six, the soporific effect grows; a further increase in the num- 
ber of carbon atoms in the chain results in a drop in the physiological 
activity and in the appearance of convulsions; 

(2) a phenyl radical simultaneously present with an ethyl one 
increases the soporific effect and imparts an anticonvulsive action to 
the drug; 

(3) a branched chain of the radical amplifies the soporific action, 
but the duration of action of the drug is reduced; 

(4) an unsaturated bond, a halogen in the barbiturate molecule, 
or their simultaneous presence increases the soporific effect; 

(9) when the hydrogens of the imide groups in position 1 or 3 are 
substituted by various alkyls, the duration of action of the drug 
diminishes and it acts as a stimulant. 

With the simultaneous substitution of the imide group hydrogens 
in positions 1 and 3, the drug may cause convulsions. 

Barbiturates are dispensed in powders and tablets. Hexenal is 
dispensed in glass bottles (1 g) hermetically sealed with rubber stop- 
pers pressed down by aluminium caps. Solutions of hexenal for in- 
travenous narcosis are prepared using a physiological saline solution 
under aseptic conditions prior to administration. 

The drugs should be stored in well closed containers. Hygroscopic 
drugs should be kept in a dry, cool place protected from light. All 
barbiturates are listed in Group B. 

When barbiturates are taken for prolonged periods and in in- 
creased doses, they may cause poisoning, therefore their use must be 
controlled by a doctor. For a long time, medicine did not have 
sufficiently effective drugs for treating poisoning by barbiturates. 
Generally stimulators of the central nervous system such as strych- 
nine and corazol were employed for this purpose. 

It was later established that 2-ethyl-2-methylglutarimide, named 
bemegride, is a specific antagonist of barbiturates. The drug is a 
pharmacopoeial one. 
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Bemegride (Bemegridum) 


2-Ethyl-2-methylglutarimide 


\ 
‘b CH, 
/ 
im 
C C3H; 
V/ 
C,H, NO, M.m. 155.20 


In its structure, bemegride is an imide of substituted dicarboxylic 
glutaric acid. The preparation of this drug can be depicted schemati- 
cally as follows: 


H,C—— COOH EN J —c— 07 
H.C ——__—_» 
_ H,0 
7 
H,C—cootl H, ro 
Glutaric acid 2-Methyi-2-ethylglutaric acid 
O O 
me ad NH aN couse” 
/ —> Cc NH +H,0 
kL ‘cHsé ‘CHs. 
H ™ H3C aN 
3 b 3 O 
2-Methy!-2-ethylglutaric 2-Methy!-2-ethylgiutarimide 
acid anhydride ( bemegrid) 


Bemegride is a white crystalline odourless powder with a bitter 
taste. It dissolves sparingly in water and ether, and very sparingly 
in 99% alcohol. 

The State Pharmacopoeia recommends the following identification 
reactions: 

(a) a condensation reaction with vanillin in an acidic medium; 
the condensation product acquires a cherry-red colour that turns 
to blue-violet; 

(b) a reaction with ninhydrin; the drug is first treated with bro- 
mine water in the presence of sodium hydroxide. The hypobromide 
NaBrO resulting from the reaction of the bromine with the alkali 
facilitates the transformation of the glutaric acid imide (bemegride} 
into aminoglutaric acid (substituted 3-aminobutyric acid), and the 
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latter is exactly what is determined by the reaction with ninhydrin 
(see the reactions of identification of glutaminic acid, p. 184): 


CH; 
Lf 
H.N —CH,-— C— CH, — COOH 


~ 
C.H; 
2-Methyl-2-ethylaminoglutaric acid 


The content of the drug is determined with respect to the nitrogen 
by the Kjeldahl method. 

Bemegride is dispensed in ampoules containing 10 ml of a 0.5% 
sterile solution in an isotonic sodium chloride solution and in her- 
metically sealed bottles containing 30 or 100 ml of such a solution. 
The drug is listed in Group B. 

The drug hexamidine, which is described in the State Pharmaco- 
poeia, is close in its structure to barbiturates and, particularly, to 
phenobarbital. 


Hexamidine (Hexamidinum) 


d-Ethyl-d-phenylhexahydropyrimidinedione-4,6 


Ci2H,,N.0. M.m. 218.25 

Hexamidine differs from phenobarbital in its chemical structure in 
that the group >C=O in position 2 is substituted by a methylene 
group (>>CH,). This is why hexamidine is not an ureide (barbiturate) 
and therefore does not exhibit a pronounced soporific effect. But, 
since there are an ethyl and a phenyl radicals in position 5, similar 
to phenobarbital, it has an anticonvulsive action. 

Hexamidine is a white odourless crystalline powder. It is insol- 
uble in water, ether, and benzene, and is sparingly soluble in 95% 
alcohol and acetone. Its melting point is 280-284 °C. 

The State Pharmacopoeia proposes the following identification 
reactions: (a) the detection of ammonia by red litmus paper turning 
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blue after fusion of the drug with a crystalline alkali (NaOH): 


H O 
N—c/ C,H; 


\ \ | 
N—C, CH; 
No 
H.C, 
\X 
+ ,CH—COONa 
“ 
H5C, 


(b) when the drug is heated with disodium chromotropate in the 
presence of concentrated sulphuric acid, a lilac colour forms (the 
product of condensation of the evolved formaldehyde with chromo- 
tropic acid). The sulphuric acid performs two functions in this reac- 
tion, namely, it is a dehydrating agent in the condensation of the for- 
maldehyde with the chromotropic acid, and an oxidizing agent which 
is reduced in the reaction to sulphurous acid (see the reaction of 
identification of formaldehyde, p. 171). 

The content of the drug is determined with respect to the nitro- 
gen by the Kjeldahl method. 

The drug is dispensed in 0.125- and 0.25-g powders and tablets. 
It should be stored in well closed containers. It is listed in Group B. 


REVIEW QUESTIONS 


1. Which compounds are called cyclic ureides? 
2. How is barbituric acid formed? 

3: Name each functional group of barbituric acid: —NH, > C = 0, and 
H,C <<. 

"4. What forms of barbituric acid are possible? 

9. Which form is responsible for the acidic properties? 

6. Why is a malonate used in the synthesis of barbital instead of malo- 
nic acid? 

7. What process occurs between copper salts and barbiturates? 

8. Why is the quantitative determination of barbital conducted in an alco- 
hol medium? 

9, What are the acidic properties of barbituric acid due to? 

10. Wat underlies the ketoenol and imido-imidol tautomerism of barbitu- 
ric acid: 

41. Why do the acid forms of barbiturates readily dissolve in alkalies? 

12. Why are the sodium salts of barbiturates unstable in storage? 

13. What explains the ability of barbiturates to form complexes? 

44. Will barbiturates react with alkaloids and why? 

15. Compare the pharmacological action of all the barbiturates. Give a chem- 
ical substantiation of the change in their pharmacological properties and 
note the dependence of the pharmacological action on the introduction of various 
radicals into a molecule. 
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Chapter 19. Phenols 


Phenols belong to the aromatic compounds. They are derivatives of 
benzene in whose molecule one or more hydrogen atoms are replaced 
by hydroxyl. Depending on the number of hydroxyl groups in a 
molecule, phenols are divided into monatomic (I), diatomic (II), and 
triatomic ([1I) compounds. 

Di- and triatomic phenols can have different isomers depending on 
the position of the phenol hydroxyls in the ring. For example, di- 
atomic phenols exist in three isomeric forms: ortho-dihydroxybenzene 
or pyrocatechol (IV), meta-dihydroxybenzene or resorcinol (V), 
and para-dihydroxybenzene or hydroquinone (VI): 


OH OH 

Ow OC . 
OH OH 

I T m 

OH OH 

= G ~O- 
OH 

Iv Vv vi 


Phenols are produced both from natural sources and synthetically. 
The main natural source of phenols is coal tar formed in the dry 
distillation of wood and in a large amount in the dry distillation of 
coal. 

The coal tar is subjected to fractional distillation, and the fraction 
boiling within 170-250 °C yields phenol and a number of its homo- 
logues. Some phenols are aconstituent part of various natural resins 
and tannins. Examples are resorcinol, pyrocatechol, and phloroglu- 
cinol. Other phenols and their derivatives are encountered in the 
essential oils of various plants. 

However, the natural sources far from satisfy the demand for 
phenols, therefore a substantial amount of them is produced synthet- 
ically. Fusion of salts of benzene sulphoacids with alkalies is used 
the most. 

The majority of the phenols are crystalline substances with a 
strong characteristic odour. The monatomic phenols dissolve poorly 
in water. Unlike them, the diatomic phenols dissolve in water. Pure 
phenols are colourless, but owing to their rapid oxidation (especially 


Phenols 217 


diatomic phenols), they turn pink in the air, while in prolonged 
storage they turn brown. 

The chemical properties and identification reactions of the phenols 
are due, on the one hand, to the functional group—the phenol hydro- 
xyl, and on the other, to the aromatic ring itself: 

(1) unlike alcohols, phenols have the nature of weak acids. They 
dissolve in an aqueous solution of alkalies, for example, NaOH, to 
form phenolates (salts), which confirms their acidic nature: 


¢ \—on +NaOH — ( ¢ \—o Na* + H,0 


But their acidic nature is so weak that even such a weak acid as. 
carbonic acid displaces phenols from their salts (phenolates). This 
is why phenols can dissolve in alkalies, but cannot dissolve in carbo- 
nates, because the formed carbonic acid immediately decomposes the 
phenolate. This property of phenols distinguishes them from acids: 


OH +——ONa 
2 + Na.Co, =—. 2 +CO, +H,0 


(2) phenols are characterized by substitution reactions due to the 
presence of an aromatic ring. The hydrogen atoms in a phenol mole- 
cule in the ortho- and para-positions relative to the phenol hydroxy] 
can be substituted by halogens, a nitro group, sulpho group, and 
other substituents. These reactions proceed with phenols much more 
readily than with benzene. 

Phenols and their salts can be readily nitrated (the nitrocom- 
pounds are coloured yellow) and brominated (the bromine derivatives. 
of the phenols are insoluble and precipitate). This property is used 
in pharmaceutical analysis: 


Br 
OH OH 


Cr +3Br — | + 3HBr 
Br 


Br 


(3) phenols readily enter into condensation reactions with alde- 
hydes. The reaction of phenols with formaldehyde in the presence of 
sulphuric acid proceeds with the formation of coloured products (aur- 
ine dyes), which is used to confirm the presence of compounds of a 
phenolic nature; 

(4) phenols readily combine with diazonium salts in an alkaline 
medium to form azo dyes. The coupling occurs in the ortho- and 
para-positions relative to the phenol hydroxyl. Generally a 0.1% 
solution of sulphanilic acid and a 1% solution of sodium nitrite in 
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an acidic medium are used as the reagent: 


NaNO, + 


Diazonium salt 


The formed diazonium salt becomes coloured when a compound 
having a phenolic nature and a few drops of an ammonia solution 
are added owing to the formation of an azo dye: 


Azo dye 


(9) phenols can readily be oxidized and yield complexes with 
salts of the heavy metals, of which iron(III) chloride is used the most. 
The colour of the complexes with iron(III) chloride depends on the 
number and arrangement of the phenol hydroxyl groups in a mole- 
cule. For example, monatomic phenols are generally coloured blue or 
violet. Diatomic phenols are coloured, depending on the arrangement 
of the hydroxyl groups in a molecule: green (pyrocatechol), blue 
(resorcinol), or green transforming into yellow (hydroquinone). 

The complexes formed can vary in structure: 


Oy (Q)= OFENO 


OFe** 


The formation of coloured indophenols (the indophenol test) is 
based on the ability of phenols to become readily oxidized. A phenol 
compound is subjected to the action of an oxidizing agent (bromine 
water, chlorinated lime, etc.) and ammonia. The product is blue 
indophenol: 


0 
el NH; H HY ‘—0 OH 
Ss +e — oe 
eon 


OH 
Quinone | Quinonimine Indopheno! 


All the.above reactions are employed for identifying drugs contain- 
ing a phenol hydroxyl group in their molecule. 

At present, volumetric methods are chiefly used for the quantita- 
tive determination of phenols, although recent years have seen the 
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appearance of some physicochemical methods. The most widespread 
of the volumetric methods is the bromatometric one, which has been 
adopted by the State Pharmacopoeia. When the phenol being stud- 
ied is reacted with a bromate-bromide mixture, the phenol becomes 
brominated with the formation of tribromophenol: 


KBrO, + 5KBr -+ 6HCi > 3Br, + 6KCl] + 3H,O 
Br 


Br Br 
OH OH 


Two procedures can be used for the quantitative determination of 
phenols with the aid of a potassium bromate solution: 

(1) direct titration: the analyte phenol solution is acidified, po- 
tassium bromide is added, and the mixture is then titrated with a 
potassium bromate solution until the yellow colour characteristic of 
an excess of bromine in the reaction disappears. Generally methyl 
orange is used as the indicator in this case. It becomes decolourized 
at the equivalence point owing to the excess bromine; 

(2) back-titration: potassium bromide, an acid, and an excess of a 
titrated potassium bromate solution are added to the analyte phenol 
solution. The excess of bromine is determined iodimetrically: 

Br, -+ 2KI +I,-+ 2KBr; I,-+ 2Na,S,0, > 2NaI + Na.S,0, 

Phenols are employed as antiseptics. Their antiseptic action is 
based on their ability to coagulate proteins. Phenols also have a 
bactericidal action, i.e. are capable of killing microorganisms or 
produce conditions that are unfavourable for their vital activities. 

Since phenols are easily oxidized, it is recommended to store drugs 
containing them in well closed dark glass jars or bottles sealed with 
paraffin wax. 


Resorcinol (Resorcinum ) 


meta-Dihydroxybenzene 
OH 


OH 


C,H,0, M.m. 110.11 

Resorcinol is a diatomic phenol. It forms colourless or slightly 
pink or yellow acicular crystals or a crystalline powder. Sometimes 
the colour of the crystalsis almost brown. This is due to the improp- 
er storage of the resorcinol, which oxidizes very readily. Unlike the 
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other phenols, resorcinol dissolves easily in water, alcohol, and ether. 
It is soluble in fatty oil and glycerin. It dissolves sparingly in chlo- 
roform. When heated, it evaporates completely. 

Resorcinol is a constituent part of many resins and tannins, but it 
is produced synthetically from benzene by sulphonation and fusion 
with an alkali. Benzene is treated with concentrated sulphuric acid, 
the product being benzene meta-disulphonic acid (I). Next the re- 
action mixture is treated with lime. The sulphoacid under these 
conditions forms a calcium salt (II) soluble in water, while the 
excess sulphuric acid is removed in the form of calcium sulphate: 


¢ + 2H,SO, — (80:08 + 2H,0 


{ 
SO,0H 


1 


SO + 2Ca( QOH —_—_—_— SO.0 +CaS0O./+ 4H 
20H ( )2 H,S0. 2 «| 20 


SO,.0H 50,0 Ca 
| I 


Next the solution containing the calcium salt of benzene meta- 
disulphonic acid (IJ) is treated with sodium carbonate: 


$0.0 +Na,cO, —> SO.0Na +CaCo;| 


SO,0O Ca S0O,0Na 
it 


The formed disodium salt of benzene meta-disulphonic acid (III) 
is fused with sodium hydroxide at 320-350 °C: 


(_) soon +4NaOH —— (one 2 Na.SO, + 2H.,0 
ONa 


SO,0Na 
iv 


The obtained resorcinate is dissolved in water and treated with a 
strong acid, for example, HCl, and resorcinol is produced: 


(ore 2HCL —~ ()- + 2NaCL 
OH 


ONa 


Resorcinol 
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The resorcinol is purified by distillation. 

Resorcinol, like the other phenols, is readily oxidized and is itself 
a reducing agent. It can reduce silver from an ammonia solution of 
silver nitrate. 

Resorcinol enters into all the reactions typical of phenols, includ- 
ing a reaction with formalin and sulphuric acid (a red precipitate 
forms at the bottom of the test tube). A specific reaction for resor- 
cinol distinguishing it from all the other phenols is the reaction of 
its fusion with phthalic anhydride in the presence of concentrated 
sulphuric acid and then of NaOH with the formation of fluoresceine— 
a yellow-red solution with a green fluorescence (the pharmacopoeial 
reaction): 


NaOH 


Fiuoresceine 


The content of resorcinol is determined by bromatometry (the 
pharmacopoeial method): 


KBrO, + 5KBr + 6HCl] — 3Br, + 6KCl 4- 3H,0 
OH OH 


Br Br 
+3Br, -——~ | + 3HBr 
OH 


Br 


Br, + 2K1 > I, + 2KBr 
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The antiseptic action of resorcinol is more pronounced than that of 
monatomic phenol. This is due to its stronger reducing properties, 
especially in an alkali medium. 

Resorcinol is administered externally in skin diseases (eczema, 
fungous diseases, etc.) in the form of 2-0% aqueous and alcoho! solu- 
tions and 5-10-20% ointments. 

It should be stored in orange glass jars (light stimulates oxidation). 


REVIEW QUESTIONS 


1. Which compounds are called phenols? 

2. How are phenols classified? 
F 3. What pharmacological properties do phenols have and what are they 
ue to 

4. Why do phenols dissolve in alkalies, but fail to dissolve in carbonates? 

5. What chemical properties do phenols have? 

6. What reactions can be used to identify phenols? 

7. What distinguishes direct titration from back-titration used in the 
bromatometric determination of phenols? 

8. What physicochemical methods can be employed for the quantitative 
determination of phenols? 

9. What are the chemical properties of resorcinol? 

10. Why is the antiseptic action of resorcinol stronger than that of phenol? 

114. Why is resorcinol incompatible with alkalies? 

12. Which properties of resorcinol affect its storage? 


PRACTICAL LESSON 


Analysis of Resorcinol 


1. Perform identification reactions: 

(a) dissolve a small amount of the analyte powder in water, add one drop 
of an iron trichloride solution. A blue-violet colour appears that changes to 
yellow-brown when an ammonium hydroxide solution is added; 

(b) fuse about 0.05 g of resorcinol with 0.1 g of phthalic anhydride and one 
drop of concentrated sulphuric acid. Dissolve the yellow-brown melt obtained 
in 2 ml of an alkali and dilute the solution with water. A yellow solution with 
a green fluorescence forms (demonstrated by one student). Write the equations 
of the chemical reactions. 

2. Perform a quantitative determination (by bromatometry). 

Transfer a sample of the drug weighing 0.1 g into a 100-ml measuring flask, 
add water up to the mark, and thoroughly stir the contents. Transfer 10 ml of 
the diluted solution into a flask for titration, add from a burette 15 ml of a0.1 NV 
potassium bromate solution, 0.2 g of potassium bromide, 10 ml of a 2 N sul- 
phuric acid solution, and Jet the mixture stand for 10 minutes in a dark place. 
Next add 10 ml of a5% potassium iodide solution and titrate the evolved iodine 
with a 0.4 N sodium thiosulphate solution until the colour vanishes. Write the 
equations of the chemical reactions. 

3. Calculate the resorcinol content in the drug in per cent by the formula 


— WoKo=VE)TVy yg 99 . (15.00 — VK) X 9.004 835 x 100 


* aV, 04x 100 X 100 
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where VY, is the volume of the 0.14 NV potassium bromate solution, ml, V is the 
volume of the 0.1 N sodium thiosulphate solution, ml, Kg is the correction factor 
for a standard potassium bromate solution, TJ = 0.001 835 g/ml, K is the correc- 
tion factor for a standard sodium thiosulphate solution, a is the mass of the 
drug, g, V, is the volume of the diluted solution of the drug, ml, and V, is the 
volume of the aliquote part of this solution taken for the determination, ml. 

The State Pharmacopoeia requires that the content of C,H,O, be at 
least 99.5%. 

4. Compare the result obtained with the official requirement and make the 
corresponding conclusion. 


Chapter 20. Aromatic Acids 
and Their Derivatives 


(Independent Work. Problem Solving Research Method) 


Study the following topics independently. 

1. General characteristic of the aromatic acids (preliminarily repeat. 
the topic “Aromatic Acids” in the course of organic chemistry). 
Benzoic acid. | 
Sodium benzoate. 

Salicylic acid. 

Sodium salicylate. 

Phenylsalicylate. Essence of Nentsky’s principle. 
. Acetylsalicylic acid. 

If an acid is a carboxylic one, what functional group characterizes 
the compound? Write this down. 

If an acid belongs to the aromatic series, what nucleus does it. 
contain? Write this down. 

Compile the formula of the simplest representative of the aromatic 
carboxylic acids (the simplest representative is benzoic acid). 

The introduction of the functional group OH into various positions 
in a molecule of benzoic acid determines a variety of aromatic acids: 


COOH COOH ao 
CI. 03 


HO 
OH 


MIS OR Se DO 


Phenol acids (hydroxybenzoic acids) 


By analogy with the phenol acids, introduce an amino group into 
the benzoic acid molecule instead of the hydroxyl group. Write these 
compounds and name them. 

The aromatic acids are crystalline substances, generally slightly 
soluble in water and well soluble in polar organic solvents (alcohol, 
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chloroform, benzene). Their dissociation constants are somewhat 
higher than those of the aliphatic acids. 

The aromatic acids have all the properties characteristic of the 
carboxylic acids of the aromatic series. They form salts, anhydrides, 
halogen anhydrides, amides, esters, etc. Give examples of the above 
compounds. 

In medicine, the aromatic acids are employed as weak antisep- 
tics, and their salts as carriers of specific cations. 


Benzoic Acid (Acidum benzotcum) 


Write the Latin name and formula in your notebook. 

Benzoic acid was first discovered in benzoic gum. [t is encountered 
in the free state in some resins and balsams, for example in Peru 
and Tolu balsam, and in cranberries. 

Benzoic acid is contained in large amounts in the form of an ester 
in benzoic resin, from which it was produced by sublimation. Ben- 
zoic acid is produced for medicinal purposes from toluene by oxidiz- 
ing it with manganese dioxide in an acidic medium: 


€ \—cn, +MnO, +H,SO, —~ 


Complete the equation of the reaction. 

Use samples of the preparation to study its physical properties: 
appearance, odour, solubility. 

Put 0.1 g of benzoic acid into each of four test tubes. Add 2-3 ml 
of cold water to the first tube and shake it. Write what you observe 
in your notebook. Next heat the contents of the tube up to boiling. 
Comment on your observations. 

Add 1 m1 of alcohol to the second tube, 1 ml of chloroform to the 
third, and 1 ml of ether to the fourth one. See how benzoic acid dis- 
solves in various solvents. 

A typical property of benzoic acid is its ability to sublime when 
heated. Check this experimentally. 

How can benzoic acid be identified? 

Carry out a reaction with a solution of iron(IJI) chloride after 
first neutralizing the benzoic acid with an alkali (using an indicator) 
because the precipitate of the complex salt dissolves in an acidic 
medium, while iron hydroxide precipitates with an excess of the 
alkali (see the State Pharmacopoeia). Write the equations of the 
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reactions in your notebook: 


__ COOH OONa 
+NaOH —> +H,0 
COONa 
or + 2FeCl, +10H.0 —_—_ 
CoQ" COOH 
— Cy Fe -Fe(OH); -7H,0+3 CT + GNaCL 
3 


How can benzoic acid be determined quantitatively? 

Name the method, outline the procedure of the quantitative de- 
termination, and explain why the sample has to be dissolved in al- 
cohol. Write the equation of the chemical reaction. 

Benzoic acid is employed as a weak antiseptic; it also acts as an 
expectorant. 

What are the requirements to the storage of the drug? 


Sodium Benzoate (Naitrii benzoas) 


Write the Latin name, chemical and structural formula of sodium 
benzoate. How can sodium benzoate be produced? 

Characterize the physical properties of sodium benzoate (State 
Pharmacopoeia). Indicate its solubility in water. Compare it with 
the solubility of benzoic acid. 

How can sodium benzoate be identified? 

Will a reaction with an iron(il1) chloride solution be positive? 

Add hydrochloric acid to a sodium benzoate solution. What do you 
observe? Write the equations of the chemical reactions. 

A reaction with a 9% copper sulphate solution is a specific (but 
not official) one; a turquoise precipitate forms. 

How can sodium benzoate be determined quantitatively? Name 
the method. Write the equation of the chemical reaction. 

How should sodium benzoate be stored? 

What is sodium benzoate used for in medicine? Why does sodium 
benzoate have a milder action on an organism than benzoic acid? 


1595-01542 
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Chapter 2]. Phenol Acids 
and Their Derivatives 
(Independent Work. Problem Solving Research Method) 


Which derivatives of the aromatic acids are called phenol acids? 
Write three possible isomers of the phenol acids and name them. 

Ortho-hydroxybenzoic or salicylic acid is employed in medicine 
because it is the only one of the three isomers that exhibits physiolog- 
ical activity. 

At present, derivatives of salicylic acid are widely used in medi- 
cine, namely: 

1. Salts formed via the carboxyl group (sodium salicylate). 

2. An amide of salicylic acid (salicylamide). 

3. Esters formed via the carboxyl group (methyl and phenyl). 

4. Esters formed at the expense of the phenol hydroxyl (acetylsa- 
licylic acid, or aspirin): 


Salts and amides Esters 


5 oan 
OCOCH, 

All these derivatives have a similar action but it also differs some- 
what. For example, sodium salicylate and salicylamide are taken 
orally to treat rheumatism; alkyl esters (methylsalicylate) are absorbed 
better through the skin and are employed externally in rheuma- 


tism. Acyl esters (acetylsalicylic acid) have an antipyretic and anal- 
gesic action, while phenyl ester (phenylsalicylate) is an antiseptic. 
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Salicylic Acid (Actdum salicylicum) 


Write the Latin and chemical name of salicylic acid and its for- 
mula. 

Salicylic acid is found in nature both in the free state (flowers of 
the wild camomile and a species of the willow) and in the bound 
state in many essential oils (clove, tuberose, etc.). 

Salicylic acid is prepared from sodium phenolate as follows: 


pomaaenas COOH 


) H + {one 
ONa under Pressure ONa 
-COONa COOH 
~ OC 0 = 
OH ~OH 


Here intramolecular regrouping occurs. Explain it and write it 
down in your notebook. 

Use samples of the preparation to study the physical properties of 
salicylic acid. Describe the appearance of the crystals. 

Put 0.1 g of salicylic acid into each of three test tubes. Add 2 ml 
of water to the first tube, 1 ml of alcohol to the second, and 1 ml 
of ether to the third one. See how salicylic acid dissolves in various 
solvents. 

When carefully heated, salicylic acid sublimes. Verify this exper- 
imentally. 

When heated to above 160 °C, salicylic acid transforms into phe- 
nol. Verify this experimentally. How can the phenol be detected? 


COOH , , 
OG" sat OL. 
OH - CQ, OH 


What happens to the salicylic acid? What is this process called? 

Perform identification reactions (State Pharmacopoeia). Conduct a 
reaction with an iron(III) chloride solution. What colour appears? 
How can it be explained? 

Of interest is the non-pharmacopoeial reaction of salicylic acid 
with Marchi’s reagent (a solution of formaldehyde in concentrated 


1o* 
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sulphuric acid), as a result of which a red colour appears: 


H H 
HOOC HOOC 
| 
| + nn + _H2S04 
‘ COOH H.0 
iH H 
Methylenebissalicylic acid 
HOOC COQOH Hi u an) or 
_ H2S0. c 
C 
H 
COOH 
OH 
Aurine dye 


How is salicylic acid determined quantitatively? Name the method 
used, outline the procedure to be used for the quantitative determi- 
nation, explain why the sample is to be dissolved in alcohol, and 
write the equation of the chemical reaction. 

The drug is not taken orally because it has an irritating effect. Sa- 
licylic acid is employed externally as an antiseptic and fungicide. 
Write in your notebook the conditions of storage of salicylic acid 
and explain them. 


Sodium Salicylate (Natrit salicylas) 


Write the Latin name, structural and chemical formula of sodium 
salicylate (State Pharmacopoeia). 

What type of compound does this preparation belong to? 

How is sodium salicylate produced? 

Characterize the physical properties of sodium salicylate and its 
solubility in water. Compare its solubility with that of salicylic 
acid (State Pharmacopoeia). 

How is sodium salicylate identified? Write the equations of the 
chemical reactions. 

The reaction with a 5% copper sulphate solution producing an in- 
tensive green colour is a characteristic (but not official) one. 
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How can sodium salicylate be determined quantitatively? Name 
the method. Why must titration be performed in the presence of 
ether? Write the equation of the chemical reaction. 

What are the requirements to the storage of sodium salicylate? 

It is employed to treat rheumatism. 


Phenyl Salicylate (Phenyli salicylas) 


Write the Latin name and structural formula of phenyl salicylate 


into your notebook: 
Cuan”, 
| OH 


Underline the functional group showing that phenyl salicylate 
(salol) is an ester. 

Phenyl salicylate was first prepared by M. Nentsky (1886). His 
aim was to obtain a drug such that would retain the antiseptic 
properties of phenol but would not have the irritating action of sali- 
cylic acid. For this purpose, he blocked the carboxyl group in sali- 
cylic acid and obtained its ester with phenol. Phenyl salicylate does 
not change in the stomach, while in the alkaline medium of the 
intestines it hydrolyzes to form the sodium salts of salicylic acid and 
phenol, which are just what exhibit a healing effect. Since hydrolysis 
proceeds slowly, the products of hydrolysis of phenyl! salicylate form 
gradually and do not accumulate in large amounts. This ensures the 
more prolonged action of the drug. This principle of introducing 
substances with an irritating effect into an organism in the form of 
their esters went down in the literature as Nentsky’s “salol principle” 
and was later used for the synthesis of many drugs. 

Phenyl! salicylate is often employed to coat pills if the latter are 
to pass unchanged through the stomach and liberate the drugs they 
contain in the intestines. 

Phenyl salicylate is prepared synthetically. Write down the 
scheme of synthesis and name the intermediates: 


COOH COCL 
Pos, — 
OH OH 
COCL coo _\ 
ea +nao— — Ch + NaCl 
OH — OH 
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Use specimens of the preparation to study its physical properties— 
its appearance and odour. Test its solubility in water, alcohol, ether, 
and chloroform. Write down your conclusions in your notebook. 
Check whether phenyl salicylate dissolves in sodium hydroxide. 
Explain the result from a chemical viewpoint. 

Phenyl salicylate forms eutectic mixtures with camphor, menthol, 
and thymol. The melting point of phenyl salicylate is 42-43 °C. 

Identify phenyl salicylate: 

1. React an alcohol solution of phenyl! salicylate with an 
iron(III) chloride solution. What colour appears? Why is the reac- 
tion carried out in an alcohol medium? 

2. Perform a reaction with concentrated sulphuric acid with the 
following addition of formalin. What colour is observed? Explain 
the chemism of the reaction. What is the role of the sulphuric acid? 
Why is a smell of phenol felt? With what does the formalin react to 
produce a pink colour (an aurine dye)? Write the equations of the 
chemical reactions. 

3. Dissolve about 0.1 g of the preparation in 5 ml of sodium hydro- 
xide, boil the solution for three minutes, cool it, and add hydrochlor- 
ic acid. A white precipitate appears and a smell of phenol is felt. 

Complete the equations of the reactions: 


oc YN COONa 
Cu =/ +2Na0H —— OL + (_\—ona+.0 
OH H 


ONa 
Cr ve 


Determine phenyl salicylate quantitatively (State Pharmacopoeia). 

Put an accurately weighed sample of the preparation into a flask, 
and add an exact volume of a titrated sodium hydroxide solution. 
Insert a reflux condenser and heat the mixture in a boiling water 
bath. Explain the process that occurs. Next titrate the excess sodium 
hydroxide with hydrochloric acid until the indicator (bromocresol 
purple) gives a stable yellow colour. Write the equations of the 
reactions. 

Indicate the method used to perform the quantitative determina- 
tion. 
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What is the drug used for and why? 
What requirements must the storage of phenyl salicylate meet 
and why? 


Acetylsalicylic Acid (Acidum acetylsalicylicum) 


Write the Latin name of acetylsalicylic acid (State Pharmacopoeia) 
and its structural formula. 

What is acetylsalicylic acid from the chemical viewpoint? Propose 
possible ways of producing it. 

Write the equation of the chemical reaction of salicylic acid with 
acetic anhydride (the reaction mixture is heated to 50-60 °C): 


COOH COCH. 
Clr tO 
OH NCOCH, 


Use specimens of the preparation to study its physical properties, 
namely, the appearance of the crystals, odour, and taste. Test the 
solubility of acetylsalicylic acid in water, alcohol, chloroform, ether, 
and in alkali metal hydroxides and carbonates. Write down your 
conclusions and observations. 

Acetylsalicylic acid can be determined quantitatively by neutral- 
ization after hydrolysis (with the following titration of the excess 
sodium hydroxide with an acid using a methyl orange indicator): 


OCH, 
oe | 2NaOH OH 
_— + CH,COONa + H,0 
COOH rc COONa 


NaOH + HCI -— NaCl --+ H,O 


A gramme-equivalent in the given case equals M/2. 

Acetylsalicylic acid does not change in the stomach, while it 
partly hydrolyzes in the intestines. Name the hydrolysis products. 

Acetylsalicylic acid is partly absorbed unchanged. It is adminis- 
tered as an antipyretic and analgesic drug. With some substances 
of a basic nature (hexamethylenetetramine, carbonates), acetylsa- 
licylic acid produces mixtures that readily become damp. This 
must be taken into account when writing prescriptions and preparing 
drugs with such substances. 

What requirements must storage of the drug meet? 
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REVIEW QUESTIONS 


F 1. What chemical properties do aromatic acids have and what are they 
ue to? 

2. How can the ability of aromatic acids to form salts, anhydrides, halogen 
anhydrides, amides, and esters be explained? 

3. What chemical properties of benzoic acid are used in the reaction of 
formation of various precipitates with salts of the heavy metals? 

4. What method is used for the quantitative determination of benzoic acid? 

5. Why must the titration of a sample of benzoic acid be performed in an 
alcohol medium? 

6. Explain why sodium benzoate acts on an organism more mildly than 
benzoic acid. 

a Why is sodium benzoate determined quantitatively in the presence of 
etner: 

8. What happens to salicylic acid when heated to 160 °C? 
9. Which functional group of salicylic acid explains its reaction with Mar- 
chi’s reagent and iron(JI1) chloride? 

10. Why does the blue-violet colour formed when salicylic acid is reacted 
with an iron(IJI) chloride solution disappear when a mineral acid is added and 
fail to disappear when an organic acid is added? 

11. What reaction can be used to distinguish sodium salicylate from sodium 
benzoate? 

12. Why is the quantitative determination of sodium salicylate by neutral- 
ization performed in the presence of ether? 

43. What is the essence of Nentsky’s principle? 

14. Why is phenyl salicylate employed for coating pills? In what cases? 

15. When the content of acetylsalicylic acid is determined relative to the 
carboxyl group by neutralization, titration is conducted in an alcohol medi- 
um. 


PRACTICAL LESSON 


Analysis of Acetylsalicylic Acid 


{. Perform an identification reaction. 

Dissolve about 0.4 g of the drug in 5 ml of a potassium hydroxide solution, 
boil it for three minutes, and after cooling acidify the solution with sulphuric 
acid. A white crystalline precipitate forms and a smell of acetic acid is felt. 
Write the equations of the chemical reactions. 

2. Conduct a quantitative determination (by neutralization). 

Put 0.05 g of the drug into a conical flask for titration and dissolve in 3 ml 
of alcohol. Next add 5 ml of water, three drops of a phenolphthalein indicator 
and titrate with a 0.4 N sodium hydroxide solution until a pink colour appears. 
Write the equation of the chemical reaction. 

3. Caleulate the content of the acetylsalicylic acid in per cent in the drug 
by formula (1.1): 


_ VKI _ VK X0,018 
X= —— X 100 = 


where V is the volume of the 0.4 N sodium hydroxide solution, ml, FT = 
= 0.018 g/ml, and a is the mass of the sample taken for the determination, g. 
The State Pharmacopoeia requires that the content of C,H,O, he at 
least 99.5%. 
4, Conclude on the correspondence of the drug to the official requirements 
and on the possibility of its administration. 


X 100 
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Chapter 22. Aminoderivatives 
of the Aromatic Series 


The simplest amine of the aromatic series is aniline (I), which is 
toxic and is not employed in medicine. Its acetylated derivative 
acetanilide (IJ) is less toxic and was used for a certain period in me- 
dicine under the name of antifebrin as an antipyretic. But the pro- 
longed oral administration of this drug quite often resulted in poi- 
soning because upon saponification of the acetyl group, toxic aniline 
accumulated in an organism. 

When studying the products of the transformation of aniline and 
acetanilide in an organism, their oxidation product p-aminophe- 
nol (III) was found to be less toxic, but unlike acetanilide it has no 
antipyretic effect and like aniline destroys erythrocytes: 


q 
( \—nucocn, 
il 


Further studies led to the conclusion that to eliminate these short- 
comings it is necessary to block the hydroxy! and amino groups in 
the aromatic ring. This resulted in the creation of a drug called 


phenacetin: 
CH. QO < \-n HCOCH, 


Phenacetin has a weaker haemolytic action on the erythrocytes 
and at the same time has an antipyretic effect. The presence of the 
ethoxy group imparts a light narcotic action to phenacetin, which 
increases the significance of this drug because it can also be employed 
as an analgesic. 

Phenacetin is a pharmacopoeial drug. 
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Phenacetin (Phenacetinum) 


1-Ethoxy-4-acetaminobenzene 


NHCOCH; 


OC.H; 


CioHigNO. M.m. 179.22 

Among the numerous methods of producing phenacetin, the most 
widespread one is that of producing it from para-nitrophenol (I1V)—a 
by-product in the production of dyes. 

The initial substance is phenol, which is nitrated by an appropriate 
mixture to produce two isomers: ortho- and para-nitrophenols (V, 
IV). To separate them, the mixture is distilled with steam (ertho- 
nitrophenol evaporates with steam). Next the para-nitrophenol is 
ethylated and reduced. The reduced product is acetylated to form 
phenacetin (VI): 


HNO, 
+ , 
H,SO, 


OH 


OH OH 
IV Vv 
NHCOCH; 
O _C,HsBr H;Br } 8 O _{CH;CO).0_ 
OC2H 5 OC3H, OC.H, 
Vi 


Phenacetin is a white finely crystalline odourless powder with a 


slightly bitter taste. It dissolves very sparingly in water, sparingly 
in boiling water, it is soluble in 95% alcohol, and poorly soluble in 
ether and chloroform. 

Phenacetin gives a colour reaction with a potassium dichromate 
solution in an acidic medium, which is the official reaction for iden- 
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tifying the drug: 


NHCOCH, NH, NH 
“a ) K.Cr,0, 
~ HCL 

OCH; OH O 


VII 


The resulting quinone imine (VII) can enter into a reaction with 
the unreacted para-aminophenol to form an indophenol dye (VIII) 
having a blue-violet colour: 


o=X_)=NH rHo—t \—nu, —- ox yn _\—nn, 


VI 


When phenacetin is reacted with dilute nitric acid, the solution 
turns yellow, and then a yellow precipitate of 3-nitro-4-acetaminophe- 
netol forms (State Pharmacopoeia): 


NHCOCH, NHCOCH, 
HNO, NO, 
H.SO, 

OC:3H, OCH; 


The State Pharmacopoeia requires that the drug contain no admix- 
tures of acetanilide, para-phenetidine (I), and para-chioroacetani- 
lide (II) that may form in the production of phenacetin: 


wan \—oc.t a—{_\_nucoc, 
i wT 


In prolonged or improper storage of the drug, acetic acid may 
evolve, therefore the State Pharmacopoeia establishes the maximum 
tolerated acidity in the drug. 

Phenacetin is dispensed in powders and tablets—Tabulettae Phe- 
nacetini U.20 g. 

The State Pharmacopoeia recommends determining the content of 
phenacetin in tablets by nitritometry. An exactly weighed sample of 
tablets is ground into a powder, a hydrochloric acid solution is add- 
ed, and the mixture is heated for 30 minutes. The para-phenetidine 
formed in the hydrolysis process is titrated with sodium nitrite in 
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the presence of a mixed indicator consisting of tropeolin-OQ and 
methyl blue. At the equivalence point, the red-violet colour of the 
solution turns light blue-green: 


NHCOCH NH NSN 
LY a HCL Ly * NaNO, ioa cl 
H.C,0 7 H;C,0 nel H;C,0 


Phenacetin is taken orally as an antipyretic and analgesic. It 
should be stored in well closed containers. It is listed in Group B. 


Chapter 23. Sulphanilic Acid Amides 
(Sulphanilamide Drugs) 


Sulphanilic acid (I) is not a drug, but its amide ([]) is one (strepto- 
cid or sulphanilamide) and is a source for the preparation of a large 
number of drugs combined as regards their chemical structure and 
physiological action into a single large group of sulphanilamide drugs 
of the general formula (III): 


27 9- B. 


OH SO, NH, sO, N 
II Il 
where RK stands for a large variety of substituents. 
The sulphanilamide drugs were discovered by chance. This was 
associated with the textile industry, when the French chemist 


J. Helmont (1909) synthesized para-aminobenzosulphamide as a 
source for producing a dye: 


HN SO.NH, + ~ | N=N SO,NH, |) CL SS 
HCL NH,OH 
Sop Oem 


Azo dye 
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After it became known that the dyes exhibit an antimicrobial 
activity, the German scientist G. Domagk (1932) obtained an azo 
dye, which he called prontosil, that exhibited a high therapeutical 
activity in severe streptococci infections: 


NH, 


Prontosil 


This discovery was the beginning of a new stage in the develop- 
ment of chemotherapy. The fundamental task of chemotherapy is 
the synthesis of drugs for combatting infectionus diseases. Substances 
acting selectively on pathogenic microorganisms and virtually 
not acting in the same concentrations on macroorganisms are called 
chemotherapeutic drugs. 

The fundamentals of chemotherapy were first formulated by the 
Russian scientist D. Romanovsky (1891). 

The high activity of sulphanilamide drugs in the treatment of 
diseases previously resulting in ahigh death rate (lobar pneu- 
monia, meningitis, gaseous gangrene, erysipelas, etc.) aroused great 
interest in these compounds among scientists in many countries of 
the world including chemists, biologists, microbiologists, and clini- 
cians. 

The creation of sulphanilamides in the USSR relates to 1935-36. 
These years saw the appearance of the first works in the synthesis 
and studying of the therapeutic properties of sulphanilamides carried 
out in the USSR by the well known organic chemist O. Magidson. 

The first sulphanilamide drug created by the Soviet chemists (Magid- 
son and M. Rubtsov) was red streptocid, close in its chemical struc- 
ture to the foreign-made prontosil and sulphachrysoidine: 


H,NO,S pnt) noi 


NH, 


Red streptocid 


It was soon found that prontosil and, consequently, red streptocid 
closely related to it, decompose in an animal’s organism with the 
formation of two products, namely, sulphanilamide (I) (a highly 
active therapeutic drug), and 1,2,4-triaminobenzene (II) (a toxic, 
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physiologically inactive product): 


un—<_\—so.nt on 


NH, 


J uf 

This circumstance made chemists refute compounds of the type of 
prontosil and red streptocid and concentrate all their attention on 
sulphanilamide, which exhibits a high therapeutic activity. From 
this time, para-aminobenzenesulphamide (I) was acknowledged 
throughout the world. 

In the USSR it was introduced into medical practice in 1936 under 
the name “white streptocid” in contrast to the previously created 
“red streptocid”. 

Hence, white streptocid (sulphanilamide), which now bears the 
official name of streptocid, is the parent of the entire group of sulpha- 
nilamide drugs. By replacing the hydrogen in the sulphamide group 
(position 1) and in the aromatic amino group (position 4) with var- 
ious radicals, a multitude of sulphanilamide drugs with a varying 
degree of therapeutic activity were produced from streptocid: 


4 ' 4 


The development of sulphanilamide drugs both in the USSR and 
in other countries was very rapid, especially during the first decade 
after their discovery. By this time, medicine had at its disposal 
sulphanilamide drugs of the general structural formula 


_ H H 
rt) soft-n 


The following drugs were produced when R and R’ were hydrogen 
or the relevant functional group: 


Streptocid (sulfachrysoidine) R =H R' =H 
Soluble streptocid R =H R’ = —H,CSO,Na 
Sulphacyl (sulphacetamide) R = —COCH, R’ =H 
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N 
| ‘= 
Norsulphazol (sulphathiazole) R= 43 R =H 
7 UNH 
Sulgin (sulphaguanidine) - _¢Z Nu, R’ =H 
CH; 
N 
Sulphadimezine (sulphadimedine, R= Lt ‘ R’ =H 
sulphamethazine) N= 
CH, 
i) 
Ethazole (sulphaethidole) = 4 R'=H 
OP? 
Urosulphan (sulphacarbamide, R= -C—NH, R' =H 
sulphaurea) 
N 
Phthalazole (phthalylsulpha- R= 4 R’= —¢ 
thiazole) 0 


But by 1944-1945, the first antibiotics (penicillin, streptomycin, 
gramicidin, etc.) appeared in chemotherapy, and the interestJin 
sulphanilamide drugs dropped somewhat. This was facilitated by 
the circumstance that the sulphanilamides act for only a short time, 
and although they are absorbed well, are rapidly excreted from the 
organism, which makes high doses necessary. Moreover, some micro- 
organisms rapidly acquire immunity to these drugs, while still 
larger doses increase their toxicity. 

In this connection, work was commenced for creating sulphanil- 
amides with prolonged action that would retain the structure of para- 
aminobenzenesulphamide, but would have different radicals. The 


result was the appearance of drugs with a prolonged action and of 
the general structural formula: 


,H H 
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The following drugs were obtained, where R and R’ were hydrogen 
or the relevant functional group: 


Sulphapvridazine R= —/ 


N 
Sulphamonomethoxine R = <2 R’ <H 


OCH, 
6-Methoxypyrimidine 


CH, 
vn 


Sulphadimethoxine R= no R’ =H 
OCH; 


2,4-Dimethoxypyrimidine 


—N 
Phthazine R = < Soe, R= —G <> 


O 
6-Methoxypyridazine COOH 


Unlike the sulphanilamides with brief action, these drugs create a 
high concentration in the blood and remain for a long time in the 
organism. This makes it possible to lower their doses, which, in 
turn, substantially reduces the possibility of undesirable side effects. 

Generally sulphanilamides with brief action are prescribed in doses 
of 6.0 g a day (to be taken every four hours). 

Drugs with a prolonged action are prescribed in a dose of 1.0 g 
the first day, and then 0.5 g a day. 

One of the latest and more improved sulphanilamides of this 
group is the drug sulphalene with a superprolonged action: 


OCH; 


H N 
\j—— 


in whose molecule R is 6-methoxypyrazine. 
The half-life of this drug in the blood averages 65 hours. 
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When treating chronic diseases, sulphalene is prescribed in a 
daily dose of 1.0 g during 7-10 days, while when treating acute and 
rapidly proceeding infections, in a daily dose of 0.2 g. 

To date a large number of sulphanilamides with prolonged action 
have been synthesized having the most diverse radicals in a mole- 
cule. 

Since all the sulphanilamides are based on the same structure—the 


— 


~ eae ee “y 
| ' 
\ 1 

sulphanilamide residue HHan-€ Y—so, Hin their synthesis is 
! t 
se meee eee we ee — 


approximately the same: 

J. The preparation of the chloranhydride of acylsulphanilic acid. 

II. The preparation of the corresponding amino derivative 
(R—NH,). 

lil. Condensation of the chloranhydride of sulphanilic acid with 
the amino derivative (R—NH.). 

The first stage is common for all the sulphanilamides. Since sulpha- 
nilic acid cannot be directly transformed into its chloranhydride, it 
is first acetylated with acetic anhydride, and then the chloranhydride 
is obtained by a reaction with phosphorus pentachloride. Sodium 
sulphanilate is taken for acetylation: 


Hn—(_\)—-s0,0Ne +(CH;CO);0 — 
H PCL. 

— H,COCN S0,0Na _——-, - 
H 


The second stage of synthesis is individual for each drug and 
depends on the nature of R. 


In the third stage, the chloranhydride of acylsulphanilic acid 
prepared in stage I is condensed with the relevant amine: 


H _H H 
ant \—so,cis H,.N—-R — an \—so,N—a + HCL 


The reaction should be conducted in a weakly alkaline medium to 
neutralize the evolving hydrochloric acid that would otherwise enter 
into a reaction with the amine to form hydrochlorides, when the 


16—01542 
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reaction of condensation of the amine with the chloranhydride of 
acylsulphanilic acid does not proceed. 

The acyl group is then saponified because acylated compounds 
have no therapeutic action. Saponification of the acyl group is per- 
formed with an alkali (NaOH), hence the product of saponification 
is obtained in the form of a soluble sodium salt. It is treated with 
an acid and then purified. As a result, the corresponding sulphanila- 
mide forms: 


H H Na HCL 
AcN SO,.N-——-R +2NaQOH ~——~ 4H,N SO:N—R — 
H 
—_—* un \— SO,N—R- + NaCl 


Simultaneously with the synthesis of sulphanilamide drugs, the 
relation between the chemical structure of the sulphanilamides and 
their physiological action was investigated. The main laws of this 
relation consist in the following: 

1. The physiological activity of the sulphanilamides is due to the 
presence of the sulphanil radical in the molecule: 


2. The transition of the amino group from position 4 to other 
positions of the aromatic ring leads to the complete loss of physio- 
logical activity. 

3. Any sulphanilamide derivative with a substituted amino group 
in position 4 can be physiologically active only if a free amino group 
can form again in an organism. 

4. The introduction of additional substituents into the aromatic 
ring either eliminates or reduces the physiological activity. 

o. When various radicals are introduced into the sulphamide group 
of the molecule, the physiological activity ‘can either grow or di- 
minish depending on the nature of the radical. 

6. The presence of methoxy groups in a molecule is of substantial 
importance for the prolonged action of the drug (almost all the drugs 
with a prolonged action, unlike those with a brief action, have a 
methoxy group OCH, in the heterocyclic nucleus—R). 

It is presumed that the methoxy group determines the higher 
binding of the sulphanilamide with the plasma proteins, which is 
exactly what underlies the prolonged action of a drug. 
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The mechanism of the antimicrobial action of the sulphanilamides 
is associated with their competitive antagonism with para-amino- 
benzoic acid (PABA). 

Folic acid is needed for the normal vital activities and growth of 
many microorganisms. I[t is synthesized in a microbe cell from 
PABA, glutaminic acid, and pterine: 


N 
ne - COCH 
Nx a H 


H | 
OH 


. PABA tN Glutaminic acid . 


Folic acid 


Pterine 


Since the sulphanilamides have a chemical structure similar to 
PABA, they prevent its inclusion into the folic acid molecule, occu- 
pying its place: 


H 
win \—so.Ne 1. _—coon : 


Sulphanilamide PABA 
H.N 
“yA “vs ' , GOH 
CL een )-s0t- fis, -en,—co0m 


Sulphanilamide (instead of PABA) 


The jormed compound deprived of PABA can no longer be used by 
the microbe cell as a nutritive enzyme, and the microorganisms stop 
growing. 

Thus, unlike bactericides or antiseptics, which kill microorgan- 
isms owing to the denaturation of their proteins, sulphanilamides 
have a bacteriostatic action, which is associated with disturbance of 
the biosynthesis of folic acid—a vitally required nutrient complex for 
microbes, and they stop reproducing. 

The theory underlying the mechanism of action of the sulphanila- 
mide drugs resulted in the discovery of new antagonists for other 
classes of compounds such as vitamins. 

All the sulphanilamide drugs are crystalline odourless powders of 
a white or slightly yellowish colour. Their acidic forms dissolve 
poorly in water, but dissolve well in some organic solvents such as 
alcohol and acetone. Each drug has a specific melting point. The 


i6* 
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sodium salts of the sulphanilamides dissolve well in water and do 
not dissolve in organic solvents. 

The similar chemical structure of the sulphanilamide drugs ex- 
plains their common chemical properties and determines their iden- 
tification reactions. These group reactions are chiefly determined for 
three functional groups, namely, the aromatic amino and sulpho 
groups, and the imide group. 

Some reactions are a feature of the aromatic nucleus: 


1H wt \-s0 NHR 
ne | a | be om wed 


Most sulphanilamides are amphoteric substances having both 
acidic and basic properties. The latter are due to the presence of an 
amino group in the aromatic ring. Like a base, they can dissolve in 
acids with the formation of salts: 


HCL +H; n<_\-so.ne—r 


Their salts are strongly hydrolyzed in aqueous solutions, however, 
and do not virtually exist. 

The acidic properties of the sulphanilamides are due to the pres- 
ence of the imide group hydrogen. The latter can be substituted by 
metals with the formation of salts. Consequently, most sulphanila- 
mide drugs readily dissolve both in alkalies and in carbonates: 


H NaOH Na 
HN SO;—-——-N-—R + 5 — 
2  \- 2—~N or Na.cO. wnt \—so.n R +H,0 


The acidic properties of the sulphanilamides are more pronounced 


than the basic ones. 

The following reactions can be employed to identify sulphanila- 
mides: 

1. Reactions due to the aromatic amino group: (a) the reaction of 
diazotization and azo combination with phenols (a reaction of the 
State Pharmacopoeia); when a sulphanilamide is reacted with sodi- 
um nitrite in an acidic medium, a diazonium salt forms which in 
combination with phenol in an acidic medium forms an azo dye: 


OH 
H 
wn—{_)—so.ticn MN (aif 50,48) cr SO 
Cl NaOH 
H 
n-n(_\—so,N-n 
Com 
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Sulphanilamides with a substituted amino group, for example, 
soluble streptocid, phthalazole, and phthazine, give this reaction 
after preliminary hydrolysis has been carried out by heating with di- 
lute hydrochloric acid; 

(b) a condensation reaction with aldehydes (the formation of col- 
oured Schiff bases—an unofficial reaction); sulphanilamide drugs, like 
other aromatic amines, form coloured condensation products of the 
Schiff base type with many aldehydes, which is widely employed in 
pharmaceutical analysis for the identification of aromatic amines. The 
reaction proceeds in an acidic medium: 


roe 
Le. ---, H 4 
R—C—H + HoiN SO,N—R ——»= R—C=N SO,N—R 
2 ~—HyO H 


Schiff base 


The colour of the condensation products varies depending on the 
nature of the aldehyde reacting with the sulphanilamide: 


H-—C=0 
= unt )—soznn, — f | — Red or crimson 
OCH, HC 0 


On i 
os. Furfurol 
Vanilin 
OP Ss 
HOAH S 


CH 
{ A On ons 


Y ellow-orange or pink 


— = Yellow-orange or pink 


p-Dimethylamtnobenzaldehyde 


A drop reaction very convenient for control at a pharmacy is based 
on the same principle of condensation of an aromatic amino group 
with aldehydes: a minute particle of the analyte sulphanilamide or 
other aromatic amine such as anesthesin (benzocaine) and novocaine 
(procaine) is placed on paper containing lignin (e.g., wrapping paper), 
and one drop of dilute hydrochloric acid is added. A yellow-orange 
colour appears characterizing the product of condensation of an aro- 
matic amine with the aldehydes contained in the lignin. 

2. Reactions due to the sulpho group. All the sulphanilamide 
drugs contain sulphur of a sulphamide group. To detect it, the 
organic part of the molecule has to be oxidized with concentrated 
nitric acid. This causes the sulphur to be converted to sulphate sul- 
phur, which can readily be detected with a barium chloride solution: 


H HNO3 
HON SO,N—R + H2SO4 + COz# + NOP + NOof+ NH,NO, + H20 


COrCc 
H.SO, -+ BaCl, > BaSO,} + 2HCI 
White 
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3. Reactions due to the imide group (—-NH). The hydrogen of 
this group provides the possibility of reaction of sulphanilamides 
with salts of the heavy metals (CuSQO,, CoCl,, etc.). The products 
are coloured substances either soluble or insoluble in water. The 
colour of the precipitate or solution is different for each sulphanila- 
mide drug, which makes it possible to distinguish one drug from 
another. The latter circumstance characterizes this reaction as a 
specific one. But since all the sulphanilamide drugs give this reaction, 
it can also be considered as a general one. 

It is presumed that the reaction of sulphanilamides with salts of 
the heavy metals yields coloured chelate compounds. Salts of 
iron(III), cobalt, copper, etc. are generally used. The State Pharma- 
copoeia recommends copper sulphate to distinguish one sulphanila- 
mide from another one. 

This reaction is conducted with the sodium salts of the sulphanila- 
mides. This is why a sulphanilamide in the acid form is neutralized 
with an alkali (NaOH), and then a solution of a heavy metal salt is 
added. One should avoid an excess of the alkali because a hydroxide 
of the heavy metal may form and mask the main reaction. This is 
why the State Pharmacopoeia, for neutralization of the imide group 
hydrogen, recommends an experimentally established amount of so- 
dium hydroxide necessary for the formation of a sodium salt (for 
the colour of the products of the reaction of sulphanilamides with 
heavy metal salts see the description of the individual drugs). 

4. Reactions due to the aromatic nucleus. An aromatic nucleus in 
a sulphanilamide can be halogenated, nitrated, or sulphurized: 


Br 


H Bro H 
HoN SO oN—R +--—-_ HoN SO2N—Rt + 2HEr 


Br 


Of significance for pharmaceutical analysis are the nitro deriva- 
tives of the sulphanilamides because they are coloured yellow and 
the bromine derivatives because they are insoluble in water and 
precipitate. 

oO. All the sulphanilamides can be thermally decomposed—pyro- 
lyzed. In thermal decomposition, i.e. when a dry powder of these 
drugs is heated, various crystalline sublimates and melts form. They 
are generally coloured dark brown. Exceptions are streptocid, sul- 
gin (sulphaguanidine), and urosulphan (sulphacarbamide), whose 
melts have a violet-red colour. This reaction is a group one for all 
the sulphanilamides, but at the same time it is a specific one because 
in a number of cases the colour of the melt is individual for a drug. 

If a heterocyclic nucleus of a drug, for example, norsulphazol 
(sulphathiazole), phthalazole (phthalylsulphathiazole), and ethazol 
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(sulphaethidole) contains sulphur, in its pyrolytic decomposition a 
gaseous product evolves, in the given case H,s. It can be determined 
by its smell or by the blackening of filter paper wetted with a lead 
acetate solution, the cause of this being PbS: 


N— 


{oN H i | | i ( ) 
Ethazol 
Norsulphazo! 
Pyrolysis 
Y 


HoS # ————— PbS} + 2CH,COOH 


In the pyrolysis of sulphanilamide drugs containing no sulphur in 
the nucleus, such as sulphadimezine (sulphadimidine) and sulpha- 
cyl (sulphacetamide), sulphur dioxide (SO,f) forms. 

The structure of the sulphanilamides and their specific reactions 
are chiefly determined by the nature of the radicals R and R’. 

The methods used for the quantitative determination of the sul- 
phanilamide drugs are based on their chemical properties and the 
nature of the functional groups. The official group method for the 
quantitative determination of sulphanilamide drugs is that of ni- 
tritometry. This method uses the ability of the sulphanilamides to 
become diazotized. Sodium nitrite is used as the standard titration 
solution. The end of titration is established either with the aid of 
an external indicator (an iodine-starch paper), or with the aid of an 
internal one (tropeolin-00), or potentiometrically: 


H NaNO» 4: H 
HoN SO oN—R + TW. N==N SO2N—RICL- 


exc. 2NaNO, + 2KI + 4HCl > I, + 2NaCl + 2KCl + 2NO+ + 2H,0 


Other methods can be used for the quantitative determination of 
sulphanilamide drugs in addition to the official one: 

(a) neutralization with an alkali; sulphanilamides exhibit acidic 
properties because of the presence of the imide group hydrogen. 
The acid forms of the sulphanilamides are titrated in an alcohol 
medium with an alkali (NaQH) using a thymolphthalein indicator: 


fi \ H Na 
Hn \-so.N—R + NaOH -—~ HoN SOo—-N—R + H»O 


The sodium salts of the sulphanilamides such as sulphacyl sodium 
(sulphacetamide sodium) are titrated with an acid in an alcohol 


248 Organic Drugs 


acetone medium in the presence of methyl orange: 


Na H 
Hn< \-so,Nr + HCL —~- wan \-sowN—r + NaCl 


(b) the bromatometric method in which sulphanilamides are 
halogenated. Potassium bromate is the titration solution, and titra- 
tion is conducted in an acidic medium in the presence of potassium 
bromide. The excess of bromine is determined iodimetrically: 


KBrO,; + 5K Br + 6HC! — 3Br, -+ 6KCI -+ 3H,O 
Br 


H H 
Hen \-sonN-R + 2Brg —™ HoN SOQN—-R + 2HBr 


Br 
Bry + 2K1 > I, + 2KBr 
I, + 2NaoSoQ0g —> 2Nal + Na.5,0¢ 


(c) the photocolorimetric method based on the ability of the 
sulphanilamides to yield coloured products in reactions with alde- 
hydes and salts of the heavy metals. Azo dyes can also be employed 
for this method. By comparing the colour intensity with that of a 
reference solution, one can estimate the content of the substance in 
the drug. 


Streptocid (Streptocidum) 


para-A minobenzenesulphamide 


Han-< soni 


C,H,N,O,5 M.m. 172.21 
All the group reactions characteristic of the sulphanilamides can 
be used for streptocid (sulphanilamide). The specific reactions iden- 
tifying the drug include the following: 
(a) when heated with an alkali (NaQH), a smell of ammonia is 
felt (the sulphamide group): 


re 
wan \-sopnns + NaOH —e wont \-50,0Ne + NH4 


(b) when heated in a dry test tube with the flame of a burner, a 
violet-blue melt forms and a smell of aniline and ammonia is felt. 
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The drug is used to treat tonsillitis, erysipelas, and other coccal 
infections. [t is administered orally or externally in the form of an 
ointment or emulsion. It is dispensed in 0.3- and 0.5-g powders and 
tablets. A shortcoming of streptocid is its poor solubility in water, 
therefore streptocid soluble in water was synthesized. 


Soluble Streptocid (Streptocidum solubile) 


Sodium para-sulphamidobenzeneaminomethanesulphate 


N 
Na0scH2—HL sonnet 


C,H N,NaO,S, M.m. 288.28 
Soluble streptocid is produced by condensing streptocid with a 
bisulphite derivative of formaldehyde: 


yon OH 
HC=6 + HSO.0Na ——= HoG 
2*S§0.0Na 


H crtecns 7 H 
Hanso,—{\-N (He + OHtCHo —_—_—_ Hanson~< YA —CHe—-SOo0Na 
Lemon ane ’ -H,O 


Unlike streptocid, this drug colours a burner flame yellow (Nat). 
When the drug is heated with concentrated sulphuric acid in the 
presence of salicylic acid, a cherry red colour appears because of the 
condensation of the evolving formaldehyde with the salicylic acid 
(see the reactions of formaldehyde identification, p. 171). Simulta- 
neously, the evolving sulphur dioxide can be detected by the evolu- 
tion of iodine if potassium iodate is added to the reaction mixture: 


i\_ " -_ CG 
HaNSO> N—CH2—SO3Na + HoSO4 —™ HoNSOo NHg+ HO=O + 


+ SO4 + H20 


When a solution of the drug is boiled with dilute hydrochloric 
acid, para-aminobenzenesulphamide evolves: 


nt \- S ON Ha 
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When a sodium nitrite solution and an alkaline solution of 2-naph- 
thene is added, the product is an azo dye of a cherry red colour. 

The State Pharmacopoeia recommends determining the content of 
the drug after saponification by nitritometry. 

The good solubility in water makes it possible to use the drug for 
subcutaneous and intramuscular injections (1-1.5% solutions) and 
for intravenous ones (2-5-10% solutions). It is dispensed in a powder. 


Sulphacyl Sodium (Sulfacylum-natrium ) 


para-A minobenzenesulphanilacetamide-sodium 


Na 
HaoN < \-s OoN—COCHg 


C,H, N.NaO,5-H,O M.m. 2904.24 

Sulphacyl sodium (sulphacetamide sodium) dissolves well in wa- 
ter. Its solutions are only slightly alkaline, which allows this drug 
to be used in the form of injections and eye drops. 

The drug gives all the reactions characteristic of the sulphanila- 
mide preparations. A specific reaction is the saponification of the drug 
(an odour of acetic acid), and also colour reactions with solutions of 
salts of the heavy metals. For example, a reaction with a copper 
sulphate solution yields a precipitate of a light blue-green colour 
that does not change when the solution is left standing (a distinction 
from the other sulphanilamide preparations). 

The content of the drug is determined by nitritometry relative to 
the aromatic amino group (State Pharmacopoeia) or by other methods 
characteristic of the sulphanilamides. 

It is administered in solutions and ointments (10-20-30 %). 


Norsulphazole (Norsulfazolum ) 


2-(para-Aminobenzenesulphamido)-thiazele 


4 N 
ran-€_\-so,n—l J 


CH N30.55 M.m. 290.32 

As can be seen from its structure, norsulphazole (sulphathiazole) 
is a sulphanilamide derivative in which one hydrogen atom of the 
amide group has been substituted by a thiazole ring. The latter has 
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two heteroatoms—sulphur and nitrogen. Such compounds are 
distinguished by their low toxicity. 

Norsulphazole gives all the reactions characteristic of the sulpha- 
nilamide preparations. Its specific reaction is that with a copper 
sulphate solution; a precipitate of a dirty violet colour forms. Also 
deserving notice is the reaction of detecting the sulphide sulphur in 
the thiazole ring by pyrolysis (a smell of hydrogen sulphide). 

It is dispensed in 0.25- and 0.5-g powders and tablets. 


Norsulphazole Sodium (iVorsuljazolum-natrium) 


2-(para-A minobenzenesulphamido)-thiazole-sodium 


N 
N 
Han \—so,n « J, 6H20 


C,H,N,Na-0,5,-6H,O M.m. 385.39 

Being a sodium salt, the drug (also called sulphathiazole sodium) 
differs from norsulphazole in that it dissolves in water and colours 
the flame of a burner yellow. The other identification reactions are 
the same as for norsulphazole. 

The content of norsulphazole drugs can be determined by one of 
the methods used for sulphanilamide drugs. Nitritometry is the 
official method. 

The drug is dispensed as a powder. It is administered orally and 
intravenously in the form of 5% and 10% solutions. 


Sulphadimezine (Sulfadimezinum) 
2-(para-A minobenzenesulphamido)-4,6-dimethylpyrimidine 
CH3 


N 
H 
Han \-son—¥ \ 
N= 
CH3 


C,.H,4N,0.8 M.m. 287.33 

Sulphadimezine (sulphadimidine, sulphamethazine) is identified 
by the reactions usually employed for sulphanilamide preparations. 
The specific reaction is the colour one with a copper sulphate solution 
when a yellowish-green precipitate forms whose colour rapidly 
changes to brown. This reaction distinguishes sulphadimezine from 
the other sulphanilamides. Another specific reaction is that with a 
solution of oxidized sodium nitroprusside (a violet colour). 
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The content of the drug is determined similarly to the other sul- 
phanilamides. 
It is dispensed in 0.25- and 0.5-g powders and tablets. 


Phthalazole (Phihalazolum ) 


2-| para-(ortho-Carboxybenzamido)-benzenesulphamido|-thiazole 


COOH N 
_ Hy f 
CO N SO.—N 


C,7H,3N;0;9. M.m. 403.40 

Phthalazole (phthalylsulphathiazole) can be considered as a deriv- 
ative of norsulphazole in which the hydrogen of the amino group 
in position 4 has been substituted by a phthalic acid residue. There- 
fore, unlike other drugs, phthalazole gives a reaction specific for 
aromatic amines (the formation of an azo dye) only after hydroly- 
sis by hydrochloric acid. 

The phthalic acid residue in the phthalazole molecule is confirmed 
by a bright green fluorescence of the solution after the drug has 
been melted with resorcinol in the presence of concentrated sulphur- 
ic acid and when a dilute alkali solution is added to the cooled 
melt (see the reactions of identification of resorcinol, p. 221). 

In accordance with the way of producing phthalazole, it may con- 
tain admixtures of phthalic acid and norsulphazole. The State Phar- 
macopoeia establishes the tolerated limit of free phthalic acid. The 
admixture of norsulphazole is determined quantitatively by nitri- 
tometry. Its content in the drug must not exceed 0.9%. 

The content of the drug is determined by acid-base titration in 
non-aqueous media. Dimethylformamide neutralized in the presence 
of a thymol blue indicator is used as the non-aqueous solvent. A 
0.1 N sodium hydroxide solution in a mixture of methanol and ben- 
zene is the titrant. Titration is conducted until a blue colour appears 
(methyl blue is the indicator): 


COOH 


N 
}H 
co-n-{ \-so,n-l J + 2NaOQH + HCON(CH3), —> 


COONa 


N 
— conf \-so,-n LJ 
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Phthalazole is highly effective with respect to the intestinal flora. 
The drug is mainly retained in the intestines, where the active sul- 
phamide part of the molecule is detached and exhibits its antibacte- 
rial action. The high sulphamide concentration in the intestines ex- 
plains the high effectiveness of the drug. 

It is dispensed in 0.5-g powders and tablets. 


Sulphadimethoxine (Sulfadimethoxinum ) 


4-(para-A minobenzenesulphamido)-2,4-dimethoxy pyrimidine 


OCH, 


H NX 
HoN son 


OCH, 


C,.H14N,045 M.m. 310.34 

This drug was first produced in Austria (1953). It has a prolonged 
action. The drug was synthesized in the USSR in 1961. 

The drug can give all the reactions typical of the sulphanilamides. 
A specific reaction is that with a solution of cobalt chloride CoCl,, 
when a bright pink amorphous precipitate with a lilac tint forms. 

The content of the drug can be determined by one of the methods 
characteristic of the sulphanilamides. Nitritometry is the official 
method. 

It is dispensed in 0.2- and U.5-g tablets. 


Sulphalene (Sulfalenum) 


2-(para-Aminobenzenesulphamido)-3-methoxy pyrazine 


OCH, 


C,,H.N,0,38 M.m. 280.314 
Sulphalene is similar to the other sulphanilamides in its antibac- 
terial action, but differs from them in its superprolonged effect, 
which is its main merit. 
Sulphalene is a white odourless crystalline powder. Sometimes it 
has a yellowish tint. The drug is insoluble in water, sparingly solu- 
ble in 95% alcohol and chloroform, dissolves with difficulty in metha- 
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nol, and readily in a solution of sodium hydroxide and dilute hydro- 
chloric acid (an amphoteric substance). 

It is identified by: 

(a) a reaction of formation of an azo dye having a cherry-red 
colour with an orange-red precipitate; 

(b) a reaction with a copper sulphate solution; the solution ac- 
quires a dirty green colour transforming into a greenish blue one (its 
distinction from the other sulphanilamides). 

The ultraviolet spectrum of a 0.001% solution of the drug in a 
0.4 N sodium hydroxide solution in the region from 230 to 340 nm 
has an absorption minimum at 200 + 2 nm and a maximum at 
348 + 2 nm. 

The quantitative determination of the sulphalene in a preparation 
is performed by nitritometry and other methods that can be em- 
ployed for the sulphanilamides. 

It is stored in a well closed container. Its expiration date is five 
years after production. It is listed in Group B. 


REVIEW QUESTIONS 


4. What is the essence of the “phenacetin principle”? 

2. What is the colour reaction of phenacetin with potassium dichromate 
in an acidic medium based on? 

3. Why is dilute nitric acid used to produce 3-nitro-4-acetoaminopheneto} 
instead of concentrated acid? 

4. Compare the pharmacological properties of all the sulphanilamide drugs 
and indicate the features of each of them. Explain your comments from a 
chemical viewpoint. 

5. What chemical compounds do most sulphanilamide drugs belong to? 

6. What are the amphoteric properties of the sulphanilamides due to? 

7. Why do the sulphanilamides dissolve in hydroxides and carbonates? 

8. Which part of a sulphanilamide molecule is responsible for halogenation, 
nitration, and sulphurization? 

9. Which functional group in sulphanilamides is responsible for diazoti- 
zation: 

40. Can the sulphur in sulphanilamide drugs be detected in the conventional 
analytical way? 

44. How can the ability of sulphanilamide drugs to react with salts of heavy 
metals be explained? 

42. Why is the pyrolysis of the sulphanilamides employed when conducting 
particular (individual) reactions? 

{3. What underlies the method of nitritometry (in the quantitative deter- 
mination of sulphanilamide drugs), neutralization, photocolorimetry, iodochlo- 
rometry, and bromatometry? 

14. What are the advantages of soluble streptocid over the insoluble drug? 

15. Why is phthalazole hydrolyzed before conducting identification reac- 
tions: 

16. List the advantages of sulphanilamide drugs with a prolonged action 
over those with a brief action. 
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PRACTICAL LESSON 


Analysis of a Mixture of Acetylsalicylic Acid 
and Phenacetin Taken in Equal Parts 


{. Write the prescription in Latin. 

2. Perform identification reactions: 

(a) for acetylsalicylic acid: boil about 0.02 g of the mixture with 3 ml of 
a sodium hydroxide solution and after cooling the solution acidify it with dilute 
sulphuric acid; a white crystalline precipitate forms and a smell of acetic acid 
is felt; 

(b) for phenacetin: dissolve about 0.02 g of the mixture in 1 ml of hydro- 
chloric acid, boil the solution during one minute, cool it, and add two drops of 
a potassium dichromate solution; a blue-violet colour forms; 

(c) dissolve about 0.02 g of the mixture in 1-2 ml of dilute nitric acid, agi- 
tate and slightly heat the solution; a yellow precipitate forms. Write the equa- 
tions of the chemical reactions. 

3. Conduct a quantitative determination (by the neutralization method): 
transfer 0.1 g of the mixture into a flask for titration, dissolve it in 3 ml of 
alcohol, add 5 ml of water, two drops of phenolphthalein, and titrate with 
a 0.4 N sodium hydroxide solution up to a pale pink colour. Write the equa- 
tion of the chemical reaction. 

4. Calculate the content of the acetylsalicylic acid in the powder in 
grammes by formula (1.3): 


_ VKTb _VKxX0.01802x04 


x a!” 0.4 


=VK X 90.018 02 


where V is the volume of the 0.4 N sodium hydroxide solution, ml, 7 = 
0.018 02 g/ml, a is the mass of the drug sample, g, and 6 is the mass of one 
powder, g. 

The phenacetin content is found as the difference between the mass of one 
powder (in the given case 0.1 g) and the mass of the acetylsalicylic acid found 
aiter titration (0.1 — X). 

5. Compare the result with the doctor’s prescription and determine whether 
the given medicinal form can be dispensed to the patient. 


Analysis of a 20% Sulphacyl Sodium Solution 


1. Write the prescription in Latin. 

2. Perform identification reactions: 

(a) to several drops of the analyte solution add several drops of a solution 
of sodium nitrite and hydrochloric acid. Add one drop of the obtained diazoni- 
um salt to1 ml of an alkaline solution of 2-naphthol; a cherry-red colour appears; 

(b) to several drops of a solution of the drug add several drops of a copper 
sulphate solution; a light blue-green colour appears that does not change when 
the solution is left in the air. 

Write the equations of the chemical reactions. 

Conduct a quantitative determination (by the neutralization method): 
place 5 ml of the analyte solution into a conical flask for titration, add three 
drops of methyl orange, and titrate with a 0.1 N solution of hydrochloric 
acid until the colour of the indicator changes. Write the equation of the chemi- 
cal reaction. 
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4. Evaluate the sulphacyl sodium content in the solution in per cent by 
formula (1.1): 


_ , 
VAT 400 = VK X 0.0254 


X= a 20 


x 100 


where V is the volume of the 0.4 N hydrochloric acid solution, ml, JT = 
0.0254 g/ml, and a is the volume of the drug taken for titration, ml. 

9 Compare the result with the doctor’s prescription and make the relevant 
conclusion. 


Analysis of Norsulphazole (Sulphathiazole) 


1. Perform identification reactions: 

(a) dissolve a small amount of the drug in water acidified with dilute hydro- 
chloric acid, and add one or two drops of a sodium nitrite solution. Add one 
drop of the obtained diazonium salt to 1 ml of an alkaline solution of 2-naph- 
thol: a cherry-red colour appears; 

(b) agitate a small amount of the drug with a 0.4 N sodium hydroxide 
solution and add 1 ml of a copper sulphate solution; a dirty violet colour ap- 

ears; 
P (c) heat a small amount of the drug in a dry test tube—a dark brown melt 
forms and a smell of hydrogen sulphide is felt. 

Write the equations of the chemical reactions. 

2. Conduct a quantitative determination (by the nitritometric method): 
transfer 0.1 g of the drug into a conical flask for titration, add 10 ml of dilute 
hydrochloric acid and 5 ml of water. Shake the flask until the sample dissolves. 
Add 25 ml more of water, 0.35 g of crystalline potassium bromide, and titrate 
with a 0.1 M sodium nitrite solution using tropeolin-00 as the indicator (four 
drops) until the colour changes from red to yellow. Write the equations of 
the chemical reactions. 

3. Find the norsulphazole content in the drug in per cent by formula (1.1): 


0. 
VAT 100 = VE X0.N25 53 x 400 


A= a U4 


where V is the volume of a 0.1 M sodium nitrite solution, ml, 7=—0.025 53 g/ml, 
and a is the mass of the drug, g. 

The State Pharmacopoeia requires that the content of C,H,N,0,S., be at 
least 99.0%. 

4, Compare your result with the official requirements and conclude whether 
the drug may be dispensed. 

5. What other methods can be used for the quantitative determination of 
norsulphazole. Give a chemical substantiation. 


Analysis of a 2% Streptocid Ointment 


1. Write the prescription in Latin. 

2. Perform a quantitative determination (the bromatometric method): place 
0.5 g of the ointment weighed on parchment paper into a flask for titration, 
add 5 ml of chloroform, shake the flask until the ointment dissolves, next add 
5 ml of 2 N sulphuric acid, 0.4 g of potassium bromide, two drops of methyl 
orange, and titrate with a 0.4 N potassium bromate solution with vigorous 
shaking until the pink colour disappears. Write the equations of the chemical 
reactions. 
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) 3. Calculate the streptocid content in the ointment in per cent by formu- 
a (1.1): 


X= * 100 


| ( 
VAT x 400 = VEX 0.951 66 
a WwW. 


where V is the volume of the 0.1 N potassium bromate solution, ml, T = 
0.051 66 g/ml, and a is the mass of the ointment sample, g. 

4. Compare the result with the prescription and arrive at the relevant con- 
clusion. 


o. Propose a dilferent procedure and identification reaction for strep- 
tocid in streptocid ointment. Write the equations of the chemical reactions. 


Chapter 24. Aromatic Amino Acids, 
Amino Alcohols, 
and Their Derivatives 


24.1. AMINO ACID DERIVATIVES 


Aminobenzoic acid is the simplest amino acid of the aromatic se- 
ries. Of its three possible isomers, of interest for medicine is para- 
aminobenzoic acid (I) whose esters (IJ) exhibit a physiological 
activity and are employed as local anaesthetics: 


The natural alkaloid cocaine used in medicine as a drug with a 
focal anaesthetic action could not meet medicinal requirements be- 
cause of its shortcomings. The main shortcomings of cocaine are: 

(1) habituation to the drug, which results in the development of 
drug addiction; 

(2) a high toxicity; 

(3) the scarcity of the natural source of cocaine because the coca 
shrubs from whose leaves it is produced grows only in definite cli- 
matic zones, hence cocaine for many countries is an imported and 
very costly drug; 

(4) the content of cocaine in the coca leaves is very low, which 
increases the cost of producing this drug. 

All these shortcomings made it necessary to search for other, 
synthetic drugs having a local anaesthetic action. This led to the 
synthesis of para-aminobenzoates. 

Studying of the structure of natural cocaine “(il J) revealed that 
only a certain part of the cocaine molecule exhibits an anaesthetic 


17—01542 


298 Organic Drugs 


action. This part is an ester of benzoic acid and an amino derivative 
of propanol (IV): 


na a= ee wt «eo 


Cy ane } HW | 
N-CH3CH—-O—G SN—CH»—CH2—CH2—O-C 
/ / I H3C~ II 
O O 


H,C-+CH—CHp Vv 


ee ces coun cee eee Se ote oe oe ge om eaqpes at GF 28 & Gq GP os 6 1 26 4 


Tir 


Bee ool Oe mp oe oe et os ww 


Investigations showed that such benzoates have a stronger anaes- 
thetic effect than cocaine, but they cause irritation. It was later found 
that this shortcoming is absent in the esters of para-aminobenzoic 
acid, which retain the same physiological effect. 

Thus, there was created a group of synthetic local anaesthetics, 
i.e. esters of para-aminobenzoic acid. The main drugs of this group 
are anesthesin (benzocaine) (V), novocaine (procaine) (VI), and di- 
caine (tetracaine) (VII). All these drugs are pharmacopoeia! ones: 


’ : C,H, 
Hn’ \—cooc.l. wn—X \—cooct.ch —NSciy. HCl 


V I 


H CH 
HC, —N—{ _\—cOocH.ch, —NG ou, * HCL 


Vin 


An advantage of these compounds over cocaine is that they are 
simple in structure and readily synthesized, are less toxic, do not 
cause habituation, and give no side effects. An exception is dicaine, 
whose toxicity exceeds that of cocaine ten times. 

The esters of para-aminobenzoic acid have a similar structure, 
and exhibit a number of group reactions such as the formation of an 
azo dye via the free amino group in the aromatic ring; having an aro- 
matic ring, they can be brominated, nitrated, and sulphurized. These 
group reactions also underlie the methods used for their quantita- 
tive determination, such as nitritometry, bromatometry, and the 
colorimetric method (see Chap. 23). 

In addition to the group reactions, there is a particular, specific re- 
action for each drug determined by the functional groups in a mole- 
cule. 
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Anesthesin (Anaesthesinum) 


Ethyl para-aminobenzoate 


Hot \ COOCoHs 


C,H,,NO. M.m. 165.19 

The production of anesthesin (benzocaine, ethoform, norcaine) 
can be represented by the following scheme: para-nitrotoluene (1) 
is oxidized by potassium dichromate to para-nitrobenzaldehyde (II), 
and then to para-nitrobenzoic acid (III): 


FSO He C/ 
H - NOg ——*» HOOC NO 
sok bono + Soe ee ; <_)n02 


This acid is esterified with ethanol in the presence of sulphuric 


acid: 
CoHsOH 
H»SO« 


- lV 


The ethyl ester of para-nitrobenzoic acid (IV) is reduced by iron 
shavings in the presence of acetic acid CH,;COOH (a weak organic 
acid is used to prevent saponification of the ester group): 


Fe 
H OC NO», t+ —————™ HeCoO00C NH 


Anesthesin 


To purify the produced anesthesin, it is recrystallized from an 
alcohol solution with activated carbon and sodium hydrogen sulphite 
that decolorize the soluble coloured admixtures. 

Pure anesthesin is a white crystalline odourless powder. It has a 
slightly bitter taste and causes numbness of the tongue. It dissolves 
readily in ether, chloroform, and alcohol. 

A specific reaction for anesthesin is its reaction for ethanol that 
forms after hydrolysis of the drug in an alkaline solution: 


Han \—coocets + NaOH —~ CoHsOH + un—(_)-cooNa 


17* 
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The ethanol is detected by the formation of iodoform after an iodine 
solution is added (see the reactions of identification of ethanol, 
p. 164). 

Another identification reaction of anesthesin is that of its oxidation 
by chloroamine in the presence of hydrochloric acid. The product 
has a reddish-orange colour (owing to the presence of the aromatic 
amino group) that can be seen more clearly when the mixture is agi- 
tated with ether. 

The drug may contain chlorides and organic substances as admix- 
tures. A tolerated limit of acidity is also established. 

Anesthesin can be determined quantitatively by the following 
methods: (a) by nitritometry with the indicator consisting of tropeo- 
lin-OO0 mixed with methylene blue (the official method); (b) by bro- 
matometry; (c) by neutralization with saponification of the ester 
group; and (d) by colorimetry (using an azo dye). All these methods 
have been described on earlier pages. 

Anesthesin is employed as a local anaesthetic both orally and ex- 
ternally. It is administered orally in 0.3-g powders and tablets for 
anaesthesia of the mucous membranes in gastric neurosis. It is ap- 
plied externally in the form of a 5-10% ointment or powder in dis- 
eases of the skin attended by itching, and also for the anaesthesia of 
wounds. 

It should be stored in well closed jars in a dry place protected from 
light. It is listed in Group B. | 


Novocaine (/Vovocainum) 


(Diethylaminoethyl-para-aminobenzoate hydrochloride) 


7 Gals ‘ 
Hn \— COOCH:CH,—NC HCL 


C,3H,,.N.O,:HCl M.m. 272.78 

Novocaine (procaine, ethocaine) is synthesized in the simplest and 
most convenient way by the re-esterification of ethyl para-aminoben- 
zoate (anesthesin) with diethylaminoethanol in the presence of a so- 
dium alcoholate (an alcoholysis reaction): 


C:H. 


HO—CH,—CH;—N=C,H. 
nn—{_\—coocn, ° CH,ONa 
7 CH; 
—- HN COO(CH,),—N + C,H;OQH 
™.C3H; 
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The simultaneously formed ethanol is readily distilled off because 
its boiling point is considerably lower than that of the diethylamino- 
ethanol. The obtained base of novocaine is next transformed into 
the chloride by the action of a calculated amount of an alcohol so- 
lution of hydrochloric acid. The diethylamino group in the side 
chain of the novocaine molecule exhibits stronger basic properties in 
comparison with the aromatic amino group, and therefore stable 
water-soluble salts can form with acids. 

The solubility of novocaine in water makes possible its use for 
injections, which is an advantage over anesthesin. 

Pure novocaine is an odourless white crystalline powder or colour- 
less crystals. It has a bitter taste and causes numbness of the tongue. 
The drug dissolves very readily in water. Aqueous solutions of 
novocaine hydrochloride have an acid reaction. 

In addition to the group reactions characteristic of the given group 
of drugs, the following identification reactions are specific for novo- 
caine: 

(a) the separation of the base of novocaine (an oily liquid) when the 
drug is reacted with an alkali: 


n n—<_\—cooce CH ys HCL+ NaOH ——> 
2 2 2 “C,H, ; 
GOH 
—» HN ¢ \ COOCH:CH, —NC i, | + NaCL+ HO 
a: °5 


(b) the decolorizing of a potassium permanganate solution due to 
oxidation of the aromatic amino group; 

(c) the formation of a white silver chloride precipitate when a 
solution of the drug is reacted with a silver nitrate solution 
(a reaction for HCl). 

The content of the drug is determined by nitritometry (State 
qearmacopoeia) and by other methods typical of para-aminobenzoate 

rugs. 

Novocaine can also be determined with respect to the hydrochloric 
acid by argentometry or neutralization. In the latter case, titra- 
tion is conducted in the presence of chloroform for extraction of the 
separated base. 

Novocaine is one of the most widely employed local anaesthetics. 
With a view to the brief action of novocaine, it is often administered 
together with adrenaline (epinephrine), which owing to its vasocon- 
strictive action retards the absorption of the novocaine and prolongs 
the period of its action. 
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In addition to the crystalline preparation of novocaine, the State 
Pharmacopoeia describes another preparation—Solutio Novocaini 
0.25%, 0.5%, 1% aut 2% pro injectionibus. 

The drug should be stored in well closed orange glass jars. It is 
listed in Group B. 


Dicaine (Dicainum } 


2-Dimethylaminoethyl-para-butylaminobenzoate hydrochloride 


H _CH; 
H,C,— N— — COOCH, CH, — NN cu, ° HCL 


C,,;H,,N,O,-HCl M.m. 300.83 

Dicaine (tetracaine, amethocaine) is produced according to the 
following scheme: para-aminobenzoic acid is heated with n-butyl 
bromide in the presence of an alkali; the produced para-butylami- 
nobenzoic acid is reacted with thionyl chloride SO,C1l, which trans- 
forms it into the chloranhydride. The latter is condensed with di- 
methyiaminoethanol: 


C,H,Br H SO. Ct 


CH, 


H HO—CH.,CH.N<—CH, 

_, HcN—€ _\—coct HO—CH.CH2NNCHs 
H _ CH; 
3 


Dicaine is a white odourless crystalline powder. It dissolves readi- 
ly in water and alcohol, sparingly in chloroform, and is insoluble 
in ether. Aqueous solutions of dicaine have a neutral reaction, are 
stable, and do not decompose during sterilization at 100 °C. 

A dicaine molecule contains no free aromatic amino group, hence 
dicaine does not have the reactions inherent in this group (the for- 
mation of an azo dye, condensation with aldehydes, etc.). 

A specific reaction of dicaine is that with concentrated nitric acid 
which nitrates the aromatic nucleus, and after the addition of a few 
drops of an alcohol solution of an alkali (KOH), the resulting salt of 
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the aciform, which is a quinoid structure, is coloured blood-red: 


HNC,H, HNC,H, 
Ow + O- 
+ a 
HNO: _ yN NNO CH,0H 
-O KOH 
COOCH,CH fons COOCH.CH Zens 
a ° HC! —— 
2 ? NN cu, 2 2 “CH, 
O N—C, H, 
SR . ~OK 
-Q~ “NO- 
CH, 


COOCH;CH2—NC a, 
3 


This is the official reaction for identifying the drug. The State 
Pharmacopoeia also recommends a reaction with ammonium thio- 
cyanide. ihe formed dicaine thiocyanide precipitates; after recrystal- 
lization from water it is dried and its melting point is determined 
(130-132 °C). 

The quantitative determination of the drug is performed by nitri- 
tometry after its saponification with an acid (State Pharmacopoeia). 
Other methods can also be used, for example, the hydrochloric acid 
is determined by neutralization in the presence of chloroform that 
extracts the evolving dicaine base. 

In its physiological action, dicaine is similar to novocaine, but 
its activity is much higher. Dicaine is employed together with adre- 
naline (epinephrine) for surface anaesthesia, chiefly in ophthalmolo- 
gy in the form of 0.25-2% solutions. It isused for anaesthesia in dis- 
eases of the ear, throat, and nose inthe form of 1-5% solutions. 
Dicaine has a more prolonged action than novocaine. It is dispensed 
in powders. The highest single dose for anaesthesia of the upper 
respiratory tracts is 0.09 g or 3 ml of a 3% solution. 

It should be stored in well closed glass jars in a locked cupboard. 
{t is listed in Group A. 

In addition to the derivatives of para-aminobenzoic acid, the deriv- 
ative of another aromatic aminoacid—para-aminosalicylic acid 
(PASA) is used in medicine. It is employed most frequently in the 
form of its sodium salt PAS-Na: 


OH 


OH 
nC COOH in 9 coon 


PASA PAS—Na 
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The physiological action of these substances is absolutely different 
from that of the derivatives of para-aminobenzoic acid. They are 
used as antituberculosis drugs. 

Para-aminobenzoic acid is essential for the normal activity of mi- 
croorganisms, while para-aminosalicylic acid, which differs from the 
former in the presence of a phenol hydroxyl group, participates in 
metabolism, suppressing the growth of microorganisms, and causes 
their degeneration. Consequently, PASA is an antagonist of para- 
aminobenzoic acid. 


Sodium para-Aminosalicylate 
(Natrit para-aminosalicylas) 


Sodium salt of para-aminosalicylic acid 


Hn COONa -2H,0 
OH 


C,H,NNaO,-2H,O0 M.m. 211.15 

PASA and its sodium salt are produced synthetically. There are 
many different synthesis methods, but the one developed by a group 
of scientists of the Latvian SSR Academy of Sciences is the most 
interesting and is of a commercial significance. 

The initial substance for the production of PAS-Na by this method 
is meta-aminophenol (J). The synthesis process consists of three 
stages. 

1. The carboxylation of meta-aminophenol with carbon dioxide un- 
der pressure and at 103-105 °C in the presence of potassium hydrogen 
carbonate: 


COOK 


_ CO, 
KHCO, 


vo 
I 


2. The separation of PASA by reacting a = purified solution of potas- 
sium para-aminosalicylate (11) with a 50% sulphuric acid solution: 


COOK COOH 
OH 
| + K.s0, 


NH, 
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3. The production of sodium para-aminosalicylate by neutralizing 
PASA (III) with sodium hydrogen carbonate: 


COOH CcOONa 
OH OH 
+NaHCO, —+ + CO, + H,O0 
NH, NH, 
Ul PAS-Na 


Sodium para-aminosalicylate is a finely crystalline white powder 
with a yellowish or pinkish tint. It dissolves readily in water and 
sparingly in alcohol. 

The reactions for identifying PAS-Na are carried out relative to 
three functional groups, namely, an aromatic amino group (see 
Chap. 23), a phenol hydroxy! group (see Chap. 19), and a carboxyl 
group (see Chap. 20): 


(OH) 
a | 


a | NAAT. 
1H2N , iCOONa 


s | 
t 
~—s | 


To identify the drug, the State Pharmacopoeia also recommends 
measurement of the optical density of a 0.001% solution of the drug 
at wavelengths of 265 and 299 nm. The ratio of the obtained values. 
at the given wavelengths must be within 1.50-1.96. 

The drug may contain sulphates, chlorides, and heavy metals 
within the tolerated limits. The limit of acidity and alkalinity in 
the drug is also established. 

A very undesirable toxic admixture is meta-aminophenol. It can 
be present because it is the starting compound in the synthesis of 
PAS-Na. This admixture is determined by the reaction of formation 
of an azo dye when para-nitroaniline and sodium nitrite are added in. 
an acidic medium. The resulting colour must not exceed that of a 
reference solution of meta-aminophenol. 

The content of the drug can be determined in various ways, 
namely, by nitritometry (State Pharmacopoeia), neutralization, or 
bromatometry. 

Sodium para-aminosalicylate is dispensed in 1-g powders and tab- 
lets. It should be stored in well closed jars in a dry place protected 
from light. PAS-Na has a number of shortcomings: 
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(1) a low activity, owing to which the drug is prescribed in large 
dioses, up to 15-20 g a day, which is very inconvenient for a patient; 

(2) undesirable side effects: shiver, nausea, vomiting; 

(3) it causes hypokaliaemia (low blood potassium), therefore it is 
recommended to administer potassium salts simultaneously with 
PAS-Na. 

All these shortcomings prompted chemists to search for new de- 
rivatives of para-aminosalicylic acid. One of them that has found use 
in medicine is the drug bepask. 


Bepask (Bepascum) 


Calcium para-benzoylaminosalicylate 


O 
3 Y 
nn © iid ai 
2 
OH 


CegH,.>CaN,O,-5H,O M.m. 642.6 

Bepask is a Soviet made drug. It was first synthesized at the Mos- 
cow Salicylic Plant in the same way as the foreign made drug cal- 
cium benzamidosalicylate. 

Bepask is a white powder, sometimes with a creamish tint. It is 
practically insoluble in water and dissolves with difficulty and 
slowly in ethanol. 

Unlike PAS-Na, in a bepask molecule the aromatic amino group is 
blocked by a benzoic acid residue, therefore it does not give the reac- 
tions characteristic of this functional group. The drug is identified 
by reactions for the phenol hydroxy! group (see Chap. 19) and for the 
calcium ion (a specific reaction) after the drug has been heated with 
dilute hydrochloric acid. The resulting soluble calcium chloride 
CaCl, is identified by a reaction with ammonium oxalate (see the re- 
actions of identification of calcium chloride, p. 114). The drug may 
contain admixtures of chlorides, sulphates, and heavy metals within 
the limits indicated in the State Pharmacopoeia. The latter requires 
that the drug contain no admixture of a free amine, which is detec- 
ted by the reaction of azo dye formation similar to that used for the 
drug PAS-Na. 

The content of the drug is determined by complexometry (relative 
to Ca**). 

The physiological action of bepask consists in that para-aminosa- 
dicylic acid, which is what has the healing effect, slowly detaches in 
an organism from a bepask molecule. 
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When bepask is employed, theconcentration of PASA inthe blood 
becomes constant, and the action of the drug is prolonged, which 
makes it possible to lower the doses of the drug. 

Bepask is combined with streptomycin or isoniazid. It is presumed 
that bepask retards the inactivation of isoniazid in an organism. 

The drug is dispensed in 0.5-g powders and tablets. 

It should be stored in well closed containers protecting it from the 
action of light. 


24.2. AMINO ALCOHOL DERIVATIVES 


Among the amino alcohol derivatives, adrenaline (epinephrine) 
(I) and ephedrine (II) are widely used in medicine in the form of 
their salts: 


CH, 


Vas Lene 
Ho Y—cHioH—cHi— NC € S—cnion—cn— <u; 
/ 


HO I II 


Inspection of their formulas reveals that adrenaline and ephedrine 
contain a secondary alcohol group (—CHOH) and a partly sub- 
H 


stituted amino group (NS yin the side chain, and therefore they 
CH 


3 
can be related to secondary amino alcohols of the aromatic series. 
Unlike ephedrine, adrenaline contains two phenol hydroxy! groups 
in its molecule in the ortho-position (a pyrocatechol derivative), 
therefore it can be related to the aminophenols. Both substances are 
of a natural origin. 

Adrenaline is a hormone of the adrenal medulla of the adrenal 
glands, whence it was first separated. 

Ephedrine and its isomer pseudoephedrine are substances of a ve- 
getative origin found in various species of ephedra. Ephedrine is 
close to adrenaline in its physiological action. Both drugs have a sti- 
mulating effect on the sympathetic nerves (sympathomimetic pre- 
parations) and raise the blood pressure, which is associated with 
their vasoconstrictive action. 
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Adrenaline Hydrogen Tartrate 
(Adrenalint hydrotartras) 


l-1-(3, 4-Dihydroxyphenyl)-2-methylaminoethanol 
hydrogen tartrate 


HO 


COOH 
lan Ho—CH 
—CH,—N _ 
HO ¢ ct CH on : 
be HC —OH 
HOOC” 
C,H,.NO,-C,H,0, M.m. 333.30 


The adrenaline (epinephrine) intended for medicinal purposes is. 
produced synthetically. The starting substance for synthesis is so- 
dium pyrocatechinate (1) which is heated with the chloranhydride 
of monochloroacetic acid in an alkaline medium. The product is py- 
rocatechol monochloroacetate (II), which regroups into chlorometh- 
yldihydroxyphenolketone (III): 


/ : i A 


Cnumen 
NaO | 0 
ONa 


| 


The product of the reaction between compound (III) and methyl- 


amine is adrenalone, which separates in the form of its hydrochloride 
(IV): 


C—CH at —CH.— 
I wr aS N—CH, i CH, ar «HC 
O H ~ CH, 


ONa 
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The reduction of adrenalone yields adrenaline hydrochloride (V): 


H H 
¢—CH,—NO +H, —~ CH(OH}—CH,—N& > HCL 
| CH, CH, 

HO 0 HO | 
OH V 


OH 


Adrenaline is optically active. The natural substance is a levoro- 
tatory isomer, and the synthetic substance is a racemate. After treat- 
ment of the adrenaline racemate with tartaric acid, a mixture of 
the levorotatory and dextrorotatory hydrogen tartrates is obtained 
that can be separated by taking advantage of their different solubili- 
ty in alcohol. The levorotatory isomer of the hydrogen tartrate dis- 
solves poorly in alcohol and crystallizes out of the solution, while 
the dextrorotatory isomer remains in the solution. 

In medicine, the levorotatory synthetic isomer of adrenaline hy- 
drogen tartrate is employed; it is completely identical to the na- 
tural levorotatory isomer. 

Simultaneously with adrenaline, its analogue noradrenaline (no- 
repinephrine, levarterenol) was produced; it differs from adrenaline 
only in the absence of the methyl group at the nitrogen atom in the 
side chain. In an organism, noradrenaline transforms into adrenali- 
ne. 

The official drugs of these two hormones are their salts with tarta- 
ric acid. Adrenaline hydrogen tartrate is a white crystalline powder, 
sometimes with a slightly grayish tint, without an odour. It changes 
under the action of light and the oxygen of the air. It dissolves read- 
ily in water, slightly in alcohol, and is insoluble in ether and chloro- 
form. 

Adrenaline has a nucleus of a diatomic phenol, i.e. pyrocatechol 
in its molecule and can be readidy oxidized, being at the same time a 
reducing agent. It reduces silver from an ammonia solution of sil- 
ver nitrate and free copper from red copper(l) oxide. This prepara- 
tion is oxidized especially readily in an alkaline medium. 

The drug is identified by: 

(a) a reaction with an iron(III) chloride solution; adrenaline reacts 
with an iron chloride solution to form an emerald green colour, 
which turns cherry-red, and then orange-red when a drop of an am- 
monia solution is added. 

(b) oxidation with an iodine solution (the formation of a coloured 
adrenochrome); when an iodine solution is added to a solution of the 
drug in the presence of a hydrogen tartrate buffer solution with a pH 
of 3.56, a dark red adrenochrome forms, while when a tartrate buffer 
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solution with a pH of 6.5 is used, a red-violet colour appears: 


QO 
aT , 
—NA- LT *"=e CH(OH 
CH, NCH, pH 3.5 or 6.5 am , 
i 
CH; 
Adrenochrome 


This reaction distinguishes adrenaline from noradrehaline, which 
produces a colour only at a pH of 6.5. 

These colour reactions can also be used for the quantitative deter- 
mination of the drug by photometric methods. For example, the 
State Pharmacopoeia recommends a photocolorimetric method to 
determine adrenaline hydrogen tartrate in an injection solution in 
the reaction between the drug and an iron citrate reagent. 

The State Pharmacopoeia also recommends the quantitative deter- 
mination of adrenaline hydrogen tartrate in thecrystalline drug by 
acid-base titration in non-aqueous media; perchloric acid is employed 
as the titrant, and methyl violet as the indicator: 


HO food 
H HO—CH 
| “ CH,COOH 
4 \—CH(OH}—CH ——N : +HC —— 
no Ncu, 4é—on 0. Anhydrous 
/ . 
HOOC 
COOH 
HO y, 
H HO — CH 
—_—> HO: CH(OH)-— CH —nZ ClO, + | 
HO 7 
HOOC 


Since adrenaline is a readily oxidized substance, especially in the 
presence of an alkali, sodium chloride and also stabilizers, most 
frequently sodium metabisulphite, are added to its solutions. But 
even under these conditions, solutions of the drug stored for a long 
time turn brown, and the physiological activity of the drug drops 
sharply. The loss of activity is facilitated by alkaline glass of a bot- 
tle or ampoules, a high ambient temperature, sunlight, and contact 
with the air. This is why the drug should be stored in neutral glass 
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bottles and sealed ampoules filled to the top in a place protected from 
light. The period up to expiration is one year. 

Adrenaline hydrogen tartrate is dispensed in powders, in ampoules 
containing 1 ml of a0.18% solution for injections, and in bottles con- 
taining 10 ml of a 0.18% solution for external application. Adrena- 
line is also dispensed in the form of its hydrochloride in 10-ml bot- 
tles containing a 0.1% solution for external application and in 1-ml 
ampoules containing a 0.1% solution for injections. These drugs are 
not official. 

The drug is listed in Group B. Since it can be readily oxidized, 
adrenaline is an unstable drug and rapidly decomposes. In this con- 
nection, investigations were carried out for synthesizing analogues 
of this drug. Among the multitude of compounds obtained, some of 
them found use in medicine. A representative of the synthetic ana- 
logues of adrenaline is the official drug mesaton (phenylephrine). 


Mesaton (Mesatonum) 


1-(meta-Hydroxyphenyl)-2-methylaminoethanol hydrochloride 


HO 
H 
”” 
CH(OH)—-CH,——N - HCL 
~~ NH 


C,H,,NO,- HCl M.m. 203.67 

Mesaton (phenylephrine) differs from adrenaline only in that its. 
molecule is based on monatomic phenol. This substantially increases. 
its stability in comparison with adrenaline. The drug is effective. 
when taken orally and has a more prolonged action. 

Mesaton is a white crystalline powder, sometimes with a slightly 
yellowish tint. It dissolves readily in water, alcohol, and dilute so- 
putions of acids and alkalies, and is insoluble in ether. It is identified 

y: 

(a) a reaction with an iron(III) chloride solution (for the phenol 
hydroxy! group): the solution acquires a violet colour: 

(b) a reaction with a copper sulphate solution in the presence of a 
sodium hydroxide solution: a blue-violet complex forms that does. 
not dissolve in ether (a distinction from ephedrine). 

The drug can be determined quantitatively by a number of meth-. 
ods, namely, by neutralization and argentometry (relative to HC]),. 
by titration in non-aqueous media, bromatometry, and photometry. 
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The State Pharmacopoeia recommends the bromatometric method: 


K BrO, -+- 5KBr -+ 6HCl — 3Br, + 6KCl -- 3H,O 


HO 
Pas 
CH{OH)—CH2—Nv ay + 3Br, — 
3 
HO Br 
\ 4 
—~—» Br CH(OH) CHa NN + 3HBr 
3 
Br 


exc. Br, + 2KI > I, + 2K Br 
I, + 2Na,5,02 > 2Nal +- Nag5,0, 


Like adrenaline, mesaton causes constriction of the peripheral 
blood vessels and accordingly raises the arterial blood pressure. It 
is dispensed in 0.01-g powders and tablets and in ampoules contain- 
ing 1 ml of a 1% solution. 

It should be stored in well closed orange glass jars; ampoules and 
tablets should be kept away from the light. The drug is listed in 
Group B. 

The official preparation of ephedrine is ephedrine hydrochloride. 


Ephedrine Hydrochloride 
(Ephedrini hydrochloridum) 


4-1-Pheny!-2-methylaminopropanol-1-hydrochloride 
OH CH, CH; 


| 
Ls edy— we “HCL 


Ci oH ,NO- HC! M.m. 201.70 

The insignificant content of the natural alkaloid ephedrine in 
various species of ephedra prompted chemists to develop synthetic 
methods of producing ephedrine. The first complete synthesis of ephe- 
drine and its isomers was carried out by H. Spet (1925). Subse- 
‘quently, a number of variants of ephedrine synthesis were proposed, 
but the following one found practical application. The starting sub- 
‘stance is benzene, which is condensed with the chloroanhydride of 
monochloropropionic acid (1) in the presence of aluminium chloride. 
‘The obtained chloroethylphenylketone (II) is condensed with 
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methylamine. The product is a secondary amine (III), which when 
reduced forms ephedrine (IV): 


i CL 0 a 
| AICL NH,CH 
OC} + Cl—C—CH—CH,; + —* C—CH— CH,—————>. 
[ tl 
O CH, CH, 
| | | H, x x vo 
— C—CH—NH — CH(OH)—-CH— Nw 
| CH, 
| CH, 
III IV 


Ephedrine has two asymmetric carbon atoms, therefore there are 
four optically active isomers of ephedrine and two ricemates. Of the 
four isomers, the greatest use has been found by ephedrine (cis- 
isomer) and pseudoephedrine (trans-isomer), which are space isomers: 


OH CH, CH, OH CH; 
€ \—bu—cH—ne € \—bi—cn— nn 
cH, 
Ephedrine (c/s-isomer) Pseudoephedrine ( trans-isomer) 


The cis-isomer is a levorotatory alkaloid, and the trans-isomer is a 
dextrorotatory one. The recovery of ephedrine from the synthetic 
product (racemate) is based on the different solubility of the oxala- 
tes of the two optical isomers in alcohol. Ephedrine oxalate crystai- 
lizes from alcohol in the form of a precipitate, while pseudoephe- 
drine oxalate dissolves in alcohol. 

Ephedrine hydrochloride forms colourless acicular crystals or a 
white crystalline powder without an odour, and with a bitter taste. 
It dissolves readily in water, is soluble in 95% alcohol, and virtual- 
Iy insoluble in ether. It is identified by: 

(a) a reaction with a silver nitrate solution in the presence of ni- 
tric acid: a white curdled precipitate of silver chloride forms (Cl-); 

(b) a reaction with potassium ferricyanide in an alkaline medium: 
a smell of benzaldehyde formed as a result of decomposition of the 
ephedrine is felt: 


OH CH; CH 


3 
Lt, KslFe( Cn). as 
()- TN NaOH -% NCH, 


1{8—01542 
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(c) a reaction with a copper sulphate solution in the presence of an 
alkali: a blue colour appears. When ether is added and the vessel 
with the reaction mixture is agitated and then left standing, the set- 
tled ether layer ;is coloured violet-red, whereas the water layer re- 
tains a blue colour. 

The preparation must not have an acidic reaction, therefore a tol- 
erated limit of acidity is established. The preparation must con- 
tain no organic admixtures. 

The content of ephedrine in a preparation can be determined in 
various ways. The State Pharmacopoeia recommends acid-base tit- 
ration in non-aqueous media in the presence of mercury(II) acetate. 
It can be determined photocolorimetrically by obtaining a coloured 
complex with copper sulphate. The method of neutralization and ar- 
gentometry (for HCl) can be used. 

In its physiological action, ephedrine is close to adrenaline. 
It is chiefly administered in bronchial asthma and a low blood pres- 
sure. 

Ephedrine is less toxic than adrenaline because it has no phenol 
hydroxy! groups in its nucleus. For the same reason, it is more stable 
to oxidation. Salts of ephedrine are active both when taken orally 
and when injected intramuscularly and intravenously, and do 
not decompose when boiled. 

The drug is dispensed {in 0.025-g powders and tablets and in am- 
poules containing 1 ml of a 5% solution for injections. 

It should be stored in well closed jars in a place protected from 
light. It is listed in Group B. 


REVIEW QUESTIONS 


1. Which group in a cocaine molecule produces an anaesthetizing effect? 

2. What are the shortcomings of cocaine as an anaesthetic? 

3. What kind of chemical compound is anesthesin (benzocaine)? 
; nf Why are the salts of anesthesin unstable and why do they rapidly hy- 
rolyze 

5. Why does anesthesin dissolve poorly in water? 

6. What functional group in novocaine (procaine) underlies the reaction 
of azo dye formation? 

7. How can you explain the ability of anesthesin to become brominated? 

8. How can you explain the ability of novocaine to decolorize potassium 
permanganate solutions? 

9. Why is it necessary to extract the novocaine base with chloroform if 
novocaine is determined quantitatively by neutralization? 

10. Why is novocaine injected together with penicillin? 

11. Why is dicaine (tetracaine) hydrochloride first hydrolyzed when it is 
determined quantitatively by nitritometry? 

12. If dicaine is determined quantitatively by neutralization, chloroform 
is added. Why? 

13. Compare the pharmacological properties of novocaine and dicaine. 
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14. Write the equations of the reactions for the quantitative determination 
of PAS-Na by nitritometry, neutralization, bromatometry, and iodochloro- 
metry. 

45. What underlies the mechanism of the pharmacological action of bepask 
(calcium benzamidosalicylate)? 


PRACTICAL LESSON 


Analysis of Novocaine (Procaine) 


1. Perform identification reactions: 

(a) dissolve 0.5 g of the drug in 1 ml of water. Add five drops of a 2 N ni- 
tric acid solution and five drops of a silver nitrate solution. Pour a part of the 
test tube contents into another tube and add an ammonium hydroxide solution; 

(b) dissolve 0.05 g of the drug in 3 ml of water, add six drops of sodium 
hydroxide, and agitate the mixture well; 

(c) dissolve 0.05 g of the drug in 1 ml of water, add three drops of a 2 N 
hydrochloric acid solution, three drops of a sodium nitrite solution, and shake 
the mixture. Add several drops of this solution to 1 ml of an alkaline solution 
of 2-naphthene; 

(d) dissolve 0.05 g of the drug in 2 ml of water, add three drops of a 2 N 
sulphuric acid solution and three drops of a potassium permanganate solu- 
tion. 

Write your observations in your notebook. Write the equations of the chem- 
ical reactions. 

2. Conduct a quantitative determination by two methods: 

(a) transfer 0.1 g of the drug into a conical flask through a funnel, dissolve 
the sample in 10 ml of water and 10 ml of hydrochloric acid, add through the 
funnel 0.3 g of potassium bromide, and wash it into the flask with 6 ml of water, 
Add eight drops of tropeolin-O0 and one drop of methylene blue as indicators, 
Slowly titrate with a sodium nitrite solution until the colour changes from 
red-violet to light blue. 

Write the equation of the chemical reaction. Name the method used for the 
quantitative determination. Perform calculations and make a conclusion on 
the results of the analysis; 

(b) transfer 0.1 g of the drug into a conical flask through a funnel, wash 
the funnel with 5 ml of alcohol, and shake the mixture to dissolve the novo-~ 
caine, add five drops of a phenolphthalein indicator, and titrate with a 0.1 N 
sodium hydroxide solution until a pink colour appears. 

Name the method used for the quantitative determination. Write the equa- 
tion of the chemical reaction. Perform the relevant calculations. 

Compare the results obtained and conclude on the merits and shortcomings 
of the two methods. Which method do you recommend for the quantitative 
determination of novocaine? 


Chapter 25. Organo-Elemental 
Compounds 


Compounds in whose molecule carbon is bound directly to a metal or 
non-metal, e.g. R—C—Me—C—R’, are called organo-elemental com- 
pounds. These compounds are widely employed in various branches 
of the national economy such as the chemistry of polymers, in engi- 
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neering, and agriculture. They are also used in medicine because 
many of these compounds exhibit a physiological activity. 

- Compounds of mercury were among the first organo-elemental ones 
introduced into medicine. Next the physiological activity of arse- 
nic compounds was discovered. They are highly effective in the treat- 
ment of diseases such as syphilis and recurrent typhoid fever. At 
that time, there were no other means of treating these diseases. 

The creation and development of chemotherapeutic agents and, 
in particular, of organic arsenic compounds are associated with the 
name of the German chemist and biologist P. Ehrlich (1854-1915). 
He advanced the idea of obtaining chemical substances that would 
act selectively on microbes and at the same time would not harm the 
macroorganism. This is the essence of chemotherapeutics. 

In conducting his research in the field of organic arsenic com- 
pounds, Ehrlich prepared an enormous number of diverse arsenic 
compounds, but only preparation No. 606, which he named salvar- 
san, produced the desired physiological effect. This substance selec- 
tively acted on microbes without harming a macroorganism. Later 
his preparation No. 914 was found to be still more valuable. Ehrlich 
called it neosalvarsan. 

By developing salvarsan and neosalvarsan, Ehrlich opened up the 
possibility for the further search for chemotherapeutic agents. The 
search for chemotherapeutic medicaments from the group of organo- 
elemental compounds received great impetus in the USSR in the 
last few decades. The Soviet scientists I. Ostromyslensky, N. Kizh- 
ner, G. Kirchhoff, and M. Kraft worked in this field. The centre of 
these investigations was the USSR Chemico-Pharmacological Re- 
search Institute, where many valuable drugs were synthesized includ- 
ing novarsenol (neoarsphenamine), myarsenol (sulpharsphenamine), 
osarsol (acetarsol), and aminarsone (carbarsone). To date, the or- 
ganic compounds of arsenic and mercury have retained their signifi- 
cance. 


25.1. ORGANIC COMPOUNDS OF ARSENIC 


The organic arsenic compounds of the aliphatic series, although some 
of them (sodium cacodylate, arrhenal) exhibit physiological activ- 
ity, have not taken root in medicine because of their high toxicity. 
Further studies were directed at searching for physiologically active 
aromatic compounds of arsenic where it exhibits an oxidation state 
of three and five. 

Of the compounds of this series, osarsol, aminarsone, salvarsan, 
novarsenol, and myarsenol have found application in medicine. 

The arsenic in these compounds is bound directly to carbon and is 
not ionogenic, consequently, it cannot be determined by conven- 
tional analytical reactions of the ionic type. 
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In this connection, the methods of analysing organo-elemental 
compounds have their features. To detect an element in an organic 
molecule, in the given case arsenic, it has to be transformed into an 
ionogenic state. This is achieved in two ways, namely, (a) by sinter- 
ing the preparation with a mixture of Na,CO, -+ NaNO, to trans- 
form the arsenic to sodium arsenate Na,HAsQ,; and (b) by heating 
the preparation with a mixture of sulphuric and nitric acids or a mix- 
ture of potassium permanganate with sulphuric acid to form arsenic 
acid H,AsQO,. In both cases, the arsenic is detected by one of the reac~ 
tions characteristic of As®*t, for example, with a magnesial mixture. 

Representatives of organic arsenic compounds in which the arse- 
nic is in the oxidation state of five that have found application in med- 
icine are osarysol and aminarsone. These drugs are pharmacopoeial 
ones. 


Osarsol (Osarsolum) 


3-Acetamino-4-phenolarsonic acid 


OH 


| 
omss—, OF 
OH 


NHCOCH, 


CgH, ,AsNO, M.m. 275.09 

Ogsarsol (acetarsol, acetphenarsine) is a white odourless crystalline 
powder. It has acidic properties and dissolves in a carbonate so- 
lution (owing to the hydroxyls of the arsonic acid residue) and in an 
alkali solution (owing to the phenol hydroxyl and the arsonic acid 
residue), The drug dissolves very sparingly in water and alcohol, 
It ‘is identified by: 

(a) the formation of a white crystalline precipitate after sintering 


the drug with a sintering mixture and adding the magnesial mixture 
MgSO, + NH,Cl + NH,OH: 


H 
Na,CO, 
———————» Na,HA 
- + NaNO, a: sO, 
H NHCOCH, 


Na,HAsO, + MgSO, + NH,OH — MgNH,AsO,{ + Na,SO, -+ H,0 
White 


| 
=" 
O 
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(b) the smell of acetic acid formed after boiling the drug ¥ 
lute sulphuric acid (hydrolysis): 


bo 


OH r : 
| H,SO 

a a ale + —— oa aes + CH,COt 
OH NHCOCH; OH NH, | 


(c) the formation of an azo dye of 3-amino-4-hydroxybenze 
nic acid as a result of hydrolysis of the drug: 


i NaNO . 
a ies aa + ee > 
On NH, si NZ=N 
t 
OH 


| / Na,CO, 
O=—=As— OH CL + OH -—-: 

| 

OH ——N 


HO Resorcinol 


ee DB A 


id 
pe — oO a 
HO 


Red azo dye 


To determine the quality of the drug, the State Pharmacop 
quires it to be tested for admixtures of inorganic arsenic com 
(arsenates), because they are more poisonous, and for free amin 

The State Pharmacopoeia recommends determining the : 
of osarsol in the drug by bromatometry after transforming the 
ically bound arsenic into the ionogenic state. For this pur 
sample of the drug is heated with a mixture of nitric and su 
acids. The product is arsenic acid which is reduced with hy: 
sulphate to arsenic oxide. The latter is determined bromat 
cally. 

Osarsol is employed in the treatment of syphilis, recurr 
phoid fever, and dysentery. If the urine contains protein, os 
prohibited. 
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spensed in 0.25-g powders and tablets. It is listed in Group 


entatives of arsenic aromatic compounds in which the ar- 
1 an oxidation state of three are drugs of the salvarsan series— 
ol (neoarsphenamine) and myarsenol (sulpharsphenamine). 
ugs are derivatives of salvarsan: 


As=As 


NH, . HCL 


HCL-H,N 
OH 


Salvarsan 


first synthesized, it played an enormous role in the chemo- 
of a number of infectious diseases. However, its use was re- 
by a number of shortcomings, which triggered off a search 
» improved and better drugs. 

‘USSR, a drug of the type of Ehrlich’s neosalvarsan was syn- 
. It was named novarsenol. It is a mixture of mono- and 
tuted compounds of salvarsan with rongalite. 


Novarsenol (Novarsenolum) 


ture of sodium 3,5'-diamino-4,4'-dihydroxyarsenobenzene-N- 
thydesulphoxylate and sodium  3,3'-diamino-4,4'-dihydro- 
ibenzene-N ,N'-bis-formaldehydesulphoxylate 


As = As 
i NH 
NaSO,—HC—N 2 + 
OH OH 
As ==As 


H C } C h H 
+ NaSQ, —H.C —-N | N—ChH, SO.Na 
OH OH 
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Rongalite (sodium formaldehyde sulphoxylate) is a compound of 
formaldehyde with sodium hydrogen sulphoxylate: 


H O 
| va 
HW 0 HO —C—S—ONa 
| | A | 
H—C=0+H—S—ONa i 
Rongalite 


It is produced by condensing formaldehyde with sodium hydrogen 
sulphite with the subsequent boiling of the solution with zinc dust 
in the presence of an acid: 


H OH H O 
| | zn | Wa 
H—C=0+H—S0O,—ONa > CH, aa” ~HO-c-— S—ONa+Zn0 
| 
SO,ONa H 
Rongatite 


Novarsenol is a yellow powder readily soluble in water. Its yellow 
aqueous solution has a neutral or weakly alkaline reaction. It is 
practically insoluble in absolute alcohol and ether. The drug is 
identified by: 

(a) the formation of a white crystalline precipitate after sintering 
the drug with a sintering mixture and the subsequent addition of a 
magnesial mixture (organically bound arsenic); 

(b) the formation of a yellow precipitate of novarsenol acid after 
acidification of the drug with dilute hydrochloric acid: 


4. 


S A 


S a 
H H 
NaSO.H,C —WN N—CH,—~-SO,.Na + 2HCl — 
OH eh 


A 
OH 


As == As 
H H | 
-——- HSO.H,CN N—CH.—S0,H + 2NaCl 
OH OH 


Novarsenol acid (yellow) 


(c) the evolution of sulphur dioxide when the drug has been heated 
with mineral acids (decomposition of the rongalite); the sulphur di- 
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oxide is detected by the blue colour of a piece of filter paper wetted 
with a potassium iodate and starch solution: 
SO, + 2KIO, > 480,-+ I, + K,80, 
Brown 

(d) the decoloration of indigo carmine (a distinction from myar- 
senol); the indigo carmine loses its colour because it is oxidized by 
the rongalite in whose molecule the S** is reduced to S. 

The content of novarsenol in the drug is determined by bromato- 
metry after heating the drug with a mixture of nitric and sulphuric 
acids (see the quantitative determination of arsenous anhydride, 
p. 97). 

Novarsenol is administered in the same cases as osarsol. It is 
introduced intravenously. 

The drug is dispensed in a powder in sealed ampoules containing 
0.15, 0.3, 0.495, or 0.6 g. 

A solution for injections is prepared with sterile water. The am- 
poules should be stored in a cool place protected from light. The drug 
is listed in Group A. 

Novarsenol contains $**+ in its molecule. It is therefore unstable 
and is readily reduced. To eliminate this shortcoming, the drug myar- 
senol was synthesized. It is the condensation product of salvarsan 
with sodium hydroxymethylenesulphonate. 


Myarsenol (Myarsenolum) 


Sodium 3,3'-diamino-4,4'-dihydroxyarsenobenzene-N ,N' - 
-bis-methanesulphonate 


As == AS 
+H H 
NaO,S —H,C—N he CH,—SO,Na 
OH OH 
C,,H,,As,N,Na,0,5, M.m. 598.22 


Myarsenol (sulpharsphenamine, thioarsphenamine) is a pale yel- 
low light amorphous powder. It dissolves readily in water and is 
practically insoluble in alcohol and ether. The drug is identified by: 

(a) a reaction for As*+ after heating the drug with a mixture for 
sintering (see the reactions for the identification of arsenous anhy- 
dride, p. 96); 

(b) a reaction with a silver nitrate solution; a brown colour appears 
(the reducing ability of the phenol hydroxyl groups). 

Myarsenol does not decolour an indigo carmine solution because 
it contains S** in its molecule. 
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The content of myarsenol in the drug is determined like that of 
novarsenol by bromatometry after transferring the organically 
bound arsenic into an ionogenic state. 

Myarsenol, unlike novarsenol, may be introduced intramuscular- 
ly. This explains the name of the drug. 

The drug is dispensed in the form of a powder sealed in ampoules. 
Jts administration and conditions of storage are the same as for 
novarsenol. It is listed in Group A. 


REVIEW QUESTIONS 


1. What compounds are called organo-elemental ones? 

2. Why does osarsol dissolve in alkalies and carbonates? 

3. Why does osarsol have to be boiled with an acid before diazotizing is 
commenced? 

4, Why is arsenic in organo-elemental compounds detected only after min- 
eralization? 

5. What explains the lower toxicity of myarsenol in comparison with no- 
varsenol? 


Chapter 26. Terpenes 


Terpenes are an important class of organic compounds found in both 
animals and plants. Jn the latter, they are contained in many essen- 
tial oils. But essential oils and resins together with terpenes contain 
other compounds that are derivatives of terpenes with various func- 
tional groups. 

D. Mendeleev was among the first Russian scientists to study es- 
sential oils and resins. The outstanding organic chemist A. Butlerov 
gave much attention to studying essential oils. His doctor’s thesis 
was devoted to this problem. A major contribution to the chemistry 
of terpenes was made by professor EK. Wagner of the Warsaw Univer- 
sity, and the Russian and Soviet scientists L. Flavitsky, L. Chuga- 
ev, S. Nametkin, G. Pigulevsky, A. Arbuzov, and others. 

The carbon skeletons of the terpenes consist of repeating structu- 
ral units of the five-carbon compound isoprene C,H, (I): 


Nols 
C 
SA 
H.C’ SCH, 
[ 


Terpenes with two isoprene units (C;Hg)., i.e. G,oH 6, are called 
monoterpenes, those with four units (C;H,), are diterpenes, with six 
units (C,H), are triterpenes, with eight units (C,;H,), are tetrater- 
penes, and so on. Terpenes with three isoprene units (C;H,), are 
called sesquiterpenes. 
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Monoterpenes are used in medicine. They are divided, in turn, in- 
to three groups, namely, (1) acyclic (with an open chain) with three 
double bonds (II); (2) monocyclic with two double bonds in the 
molecule (III); and (3) dicyclic (with one double bond) (LV): 


CH, CH, 
A i 
“aN H CH 
H.C cH 4 | E38 
H.C CH H,C H CH, 
NcH No/ iV 
) W 
H.C —C— CH, C 


The formulas of the terpenes show that they are hydroaromatic 
(alicyclic) compounds. 

Terpenes with an open chain have not found any application in 
medicine, while the cyclic monoterpenes include widely known drugs 
such as menthol, terpin hydrate (monocyclic terpenes), and camphor 
{a dicyclic terpene). 

The medicinal use of terpenes is based on their antiseptic and dis- 
infecting properties. Some terpenes are used as expectorants (ter- 
pin hydrate), and as stimulators of cardiac activity and respiration 
(camphor). 


26.1. MONOCYCLIC TERPENES 
Menthol and terpin hydrate are pharmacopoeial drugs of the mono- 
terpene series. 
Menthol (Mentholum) 
l-2-[sopropyl-5-methylcyclohexanol 
7CH, 


C,H. 50 M.m. 106.27 

Menthol is contained in oil of peppermint together with an acetic 
acid ester. It is produced from this essential oil by the borate method 
or by freezing out if its content in the essential oil is at least 80%. 
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The borate method developed by B. Rutovsky is intended for 
grades of essential oil containing 50-60% of menthol. The oil of 
peppermint is heated with boric anhydride or boric acid under a re- 
duced pressure. The formed boric ether of menthol has a very high 
boiling point and is therefore easily separated from the other compo- 
nents of the essential oil. The boric ether is distilled with steam, and 
already in the process of distillation the ether becomes saponified. 
and menthol separates immediately: 


CH | CH, 
Crs OH ° 
—__ —> ——_—__—_—_.—»> 3 OH! 
3 OH + B OF Ov B Saponification 
OH 
H,C% ‘SCH, | Hc NCH, 
Menthol 


The freezing out method consists in the following: the oil of pep- 
permint is distilled and the fraction boiling within the limits of 208- 
212 °C, which contains chiefly menthol, is frozen out with the aid 
of a special cooling mixture. Next it is centrifuged or filtered. After 
recrystallization, pure crystalline menthol is obtained. 

In the most widespread synthetic method, menthol is produced 
from thymol by hydrogenation in the presence of catalysts (nickel, 


platinum, etc.): 
H,C——CH—CH, H,C—CH——CH, 


Thymol d, |-Menthol 


This method yields crystalline menthol in the form of the optically 
inactive d,l-menthol. 

Menthol is an optically active substance. It has eight optically 
active isomers and four racemates, which is due to the three asym- 
metric carbon atoms in its molecule (C,, C,, and C,). 

Menthol forms colourless crystals with a strong peppermint odour 
and a cooling taste. It dissolves poorly in water, readily in 95% 
alcohol, ether, and acetic acid. From the chemical viewpoint, men- 
trol is a secondary alcohol because its oxidation yields a ketone (men- 
thone). 

Menthol is mainly identified by its physical properties, namely, 
its melting point (41-44 °C) and its specific rotation (from 49 to 
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51° for a 10% solution in 95% alcohol). These properties are also a 
criterion of the purity of the preparation. 

Of the chemical identification reactions, the official one is that 
with a 1% solution of vanillin in the presence of concentrated sulphur- 
ic acid; a yellow colour appears that becomes crimson when a small 
amount of water is added. 

The content of menthol in a preparation is determined by acetyla- 
tion. Menthol acetate is obtained, which is then subjected to saponi- 
fication. The formed acetic acid is titrated with an alkali (NaOH) 
to achieve a phenolphthalein end point: 


{- CH, 
+ CH, CON ——> + CH;COOH 
OH  CH,CO~ OCOCH, 
H,C —CH—-CH; H,; C—CH——CHs 
CH, CH; 
H20 + CH,COOH 
OCOCH, 
H,;C—CH—CH; H,C—CH—CH, 


CH,COOH + NaOH —~ CH.COONa + H,0 


Menthol is employed as an antiseptic in inflammation of the mu- 
cous membranes of the nose and throat (ephedrine with menthol in 
the form of nose drops). It is used together with oil of peppermint 
in tooth powder and paste, and for gargling and irrigation. Menthol 
also exhibits a light local anaesthetic action, therefore it is included 
in the composition of some tranquilizers for treating neuralgic and 
rheumatic pains. 

Of the menthol esters, validol is used as a drug. 


Validol (V alidolum) 


Solution of menthol in menthyl isovalerate 


CH; CH; 
O CH 
+ 4 3 
H,C —-CH-——-CH, H,C——CH-~—CH; 
C,H. 0 M.m. 456.27 


C,5H2,02 M.m. 240.39 
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Validol is a transparent, colourless, oily liquid with the odour of 
menthol. It dissolves readily in alcohol and is insoluble in water. 
When reacted with vanillin in concentrated sulphuric acid, a crim- 
son colour appears (menthol). The specific gravity of validol is 
0.894-0.907. 

The drug is determined quantitatively by saponification of the es- 
ter group: validol is heated with an alcohol solution of an alkali 
whose excess is titrated with hydrochloric acid. 

It is administered as a spasmolytic (vasodilating) agent in angina 
pectoris and neuroses. 

It is dispensed in the form of tablets and a liquid. The latter is 
prescribed in drops (to be used on sugar). A 95-10% alcohol solution 
is employed for treating skin itch. The drug should be stored in a 
cool place in well closed jars. 


Terpin Hydrate (Terpinum hydratum) 


para-Menthane-1,S-diol 
H,;C OH 


CyoHs50,- HO M.m. 190.28 

Terpin hydrate differs in its structure from menthol in that it is a 
ditertiary alcohol derivative of menthane. 

Terpin hydrate is produced by the hydration of pinene—the main 
constituent of turpentine oil. Sulphuric acid is the hydrating agent. 
and catalyst of the hydrating process. This method is a commercial 
one. 

Pinene is hydrated in the presence of sulphuric acid via an inter- 
mediate—sulphuric acid ester: 


CH; H,C OSO;3H H3C OSO,H 
+ ad 
Pinene aC" —OSO3H 
CH, 


The formed ester is unstable and is readily saponified to sulphuric 
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acid and a ditertiary alcohol—terpin hydrate: 


H,C OSO;3H H,C OH 
+ 2H.0 — + 2H2S0, 
CH, CH, 


Terpin hydrate forms colourless transparent crystals or a white 
crystalline powder without an odour and with a slightly bitter taste. 
It dissolves only slightly in water, chloroform, ether, and turpen- 
tine. It dissolves with difficulty in boiling water, is soluble in 95% 
alcohol and still better in boiling alcohol. When carefully heated to 
100 °C, terpin hydrate sublimes to form acicular crystals. Terpin 
hydrate solutions have a neutral reaction to litmus. 

The following reactions are used to identify terpin hydrate: 

(a) dehydration in the presence of sulphuric acid; the product is 
the unsaturated alcohol terpineol with an aromatic odour (official 
reaction): 


H;C_ {OH | CH; 
“ H | 
= H.SO 
Ho yo 
_ HO 
CH, CH; 
Terpineol 


With an excess of the sulphuric acid, the reaction can proceed fur- 
ther with the formation of cineol or eucalyptol, a camphor odour be- 
ing felt (cineol is contained in many essential oils, especially of euca- 
lyptum and santonica): 


CH, CH, 

O 

H,C—-C—-OH Hee | 
CH, CH; 


Cyneol { eucalvptol) 
(b) when a 3% alcohol] solution of iron(II1) chloride is added to the 
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drug and then evaporated, carmine, violet, and green tints appear. 
When benzene is added, the latter turns blue (official reaction). 

Since terpin hydrate is a tertiary alcohol, it cannot be oxidized by 
iron(III) chloride and other oxidizing agents; it can be assumed 
that the tints are due to the decomposition products of terpin hydra- 
te. The benzene extracts these products and acquires a blue colour. 

To determine the purity of the drug, its physicochemical indices 
are determined: terpin hydrate should evaporate without an odour. 
It should also have a neutral reaction to litmus. 

There are two official preparations of terpin hydrate: a powder and 
tablets— fabulettae Terpini hydrati 0.25 aut 0.5. 

No quantitative determination is required by the State Pharma- 
copoeia for the powder, while the gravimetric method is recommended 
for the tablets. By this method, a sample of ground tablets is 
agitated with 95% ethanol, and the suspension is filtered. A definite 
amount of the filtrate is transferred to a weighing bottle. The al- 
cohol is evaporated in a water bath, and the residue is dried up to a 
constant mass and weighed. 

The drug is administered in chronic bronchitis as an expectorant 
in a daily dose of 0.2-0.5 g, and sometimes in oedemae as a uretic. 
Large doses are toxic and irritate the kidneys. 

It is dispensed in powders and tablets in combination with codeine 
and soda. It should be stored in well closed jars in a cool place. 


26.2. DICYCLIC TERPENES 
Camphor (Camphora) 


CH; 


=O 


C1 5H,,0 M.m. 152.24 

The main natural sources of camphor are the essential oils of the 
camphor tree (Cinnamomum camphora) and the hoary basil (Oci- 
mum canum), which contain camphor. 


The camphor tree grows in many tropical and subtropical countries and 
forms forests, which were especially numerous in Japan and China. Attempts 
were made to cultivate the camphor tree in Russia (at the end of the 19th cen- 
tury) on the Black Sea coast of the Caucasus, but the climatic conditions were 
unfavourable for it. 

The camphor tree is a giant one, sometimes reaching a height of 50 m and 
a diameter of 5 m. Such a tree was discovered in China; its age was 1400 years. 
But such ancient trees have been felled long ago and this is why younger planta- 
tions which have been growing 40 years or more began to be used. 
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The camphor yield depends on the species of the camphor tree, 
its age, and on what parts of the tree are used for this purpose. The 
yield increases with the age of a tree. Generally the camphor tree is 
used for the production of camphor at an age of 80-100 years. 

For a long time, Japan was the chief supplier of camphor, but the 
high cost of the imported substance and the monopolistic position of 
Japan on the world market made other countries, including Russia, 
find ways of producing it synthetically. Almost all the variants of 
synthesizing camphor use pinene contained in turpentine oil, and al- 
so in the oils of sage, juniper, eucalyptus, and peppermint, as the 
starting substance. 

The first synthesis of camphor via bornyl chloride, which is called 
the bornyl-chloride method, was for along time the only indus- 


trial method of producing camphor. It can be depicted schematical- 
ly as follows: 


Oa CHjCOONa- 
dry isomerization 


Pinene Pinene chtoride Borny| chloride 
CH3 CH3 CH3 
H H 
HO O 
— OCOCH; ————-> OH 
Borneol Camphor 


Borny! acetate 


Later a simpler and cheaper variant of this method was developed. 
It was called the isomerization method of camphor synthesis. Pi- 
nene by isomerization according to V. Tishchenko’s method was 
transformed into camphene, and the latter was transformed into 
camphor: 


CH GH O 
CH, I 2 0 7n'3 L 
A C—O—C—H 
HO-—C—H NaOH 
isomerization BS 
Pinene Camphene Camphene formiate 
CH3 CHa 
—- OH 
Wagner OK [0] 
— H on 
regrouping 
Camphene hydrate lsoborneoi Camphor 


19—01542 
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This method is a commercial one. It is used by most enterprises 
in the world. 

The camphor produced synthetically is racemic. 

It was later found that the essential oil of the fir tree is a still 
more valuable raw material for the production of camphor. This oil 
contains as its main product borny] acetate, whose saponification 
yields borneol]. Catalytic dehydrogenation of the latter yields cam- 
phor: 


CH3 C H3 CH3 
H H 
HO —2H O 
OCOCH2 ad OH —~ 
Borny] acetate Borneol Camphor 


Thus, a number of stages are eliminated when oil of fir is used, 
which substantially cuts the cost of camphor production. 

Fir shoots are the raw material used to produce oil of fir. They are 
distilled with steam to separate the oil. The latter is a greenish-yel- 
low transparent liquid with an aromatic odour of conifer needles. 
The composition of the oil is not uniform chemically, therefore it is 
subjected to fractional distillation. The fraction boiling above 180 °C 
contains bornyl acetate, which is just what is employed to produce 
camphor. 

The first semisynthetic method of producing camphor from oil of 
fir was embodied by the Russian scientist P. Golubev. The synthesis 
of camphor from fir shoots was first carried out in 1907, but it was 
not developed in prerevolutionary Russia owing to the drop in the 
prices of Japanese camphor. And only after the October Revolution, 
beginning from 1929, the first production of camphor from fir shoots 
was inaugurated in the USSR at the Okhtinsk Chemical Works 
in Leningrad. 

The camphor produced from the oil of fir differs in its physicochem- 
ical properties from the Japanese camphor only in that it is levo- 
rotatory, but in its physiological action it is in no way inferior to 
the natural dextrorotatory Japanese camphor. 

The State Pharmacopoeia tolerates the use of the d- and |-isomers 
of camphor in medicine, but the racemic camphor produced syntheti- 
cally may be employed only externally owing to its low degree of 
purity. 

Camphor is composed of white crystalline lumps or a colourless 
crystalline powder with a pungent typical smell and a spicy bitter 
and cooling taste. Camphor crystals readily cake into solid lumps, 
while under a slight pressure they transform into a_ transparent 
block. Camphor is volatile, easily sublimes, and can be distilled 
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with steam. Jt dissolves only slightly in water and readily in etha- 
nol, ether, chloroform, fatty and essential oils. It is difficult to grind 
camphor into a powder because of its viscosity. To facilitate this, it 
is wetted with a small amount of ether or alcohol. 

When ground with phenol, menthol, thymol, or chloral hydrate, 
camphor forms thick transparent liquids (eutectic mixtures). A cam- 
phor molecule contains two asymmetric carbon atoms, but instead 
of four, only two optical isomers of camphor and one racemic form 
are known; the latter is shown below: 


CH3 


The main functional group in a camphor molecule determining 
its identification reactions is the keto group (the formation of ox- 
imes, phenylhydrazones with a definite melting point; see Chap. 13). 

Camphor has a mobile hydrogen atom adjacent to the keto group 
and can therefore enter into a condensation reaction with aldehydes. 
The condensation products are often coloured, and consequently 
this reaction can be used to identify camphor. For example, when 
condensed (in the presence of sulphuric acid as a water-removing 
agent) with furfurol, a blue-violet colour appears: 


CH; CH, 
O O 
iH q | — | j 
Hore O° H 0 
honed Blue violet 


Similarly, a red colour appears in a reaction with formaldehyde. 
These colour reactions can also be used for the quantitative determi- 
nation of camphor by photocolorimetry. 

A typical constant of camphor is its specific rotation, which 
varies from -+ 41 to ++ 44° for dextrorotatory camphor, and for le- 
vorotatory camphor, from —39 to —44° (a 10% solution in 95% 
alcohol). 

The State Pharmacopoeia stipulates that camphor must meet the 
following requirements: 

(1) when 1 g of camphor is dissolved in 4 ml of alcohol, the solu- 
tion must be transparent and colourless; 

(2) when 1 g of the drug is dissolved in 10 ml of petroleum ether, 
there should be no turbidity (water); 

(3) when the drug is pressed between sheets of white writing paper, 
no grease spots should appear. , 


19% 
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The State Pharmacopoeia does not require the quantitative deter- 
mination of camphor in the dry drug, but it is recommended to de- 
termine the content of camphor in an oil solution of camphor for 
injections (Solutio Camphorae oleosa 20% pro injectionibus) by the 
gravimetric method. 

Camphor is administered as a cardiotonic in deterioration of car- 
diac jactivity and as a stimulator of the central nervous system. 
Sometimes camphor is employed as a mild irritant and antiseptic in 
an alcohol solution or in ointments. When applied externally, it 
causes reddening of the skin with a slight irritation of the epidermis. 
A shortcoming of camphor is its insolubility in water, while oil in- 
jections are always painful. This is why camphor is sometimes re- 
placed with drugs having a similar action that are soluble in water 
such as cordiamin (nikethamide) and corazol (pentetrazole). 

Camphor is dispensed in powders, tablets, and in ampoules contain- 
ing 2 ml of a 20% solution and 1 ml of a 10 or 20% solution 


Bromocamphor (Bromcamphora ) 


1° 
pam 
H»C C==0 
mene: 
He % CHBr 
CA 
C, oH,;OBr M.m. 231.14 


Bromocamphor is a monohalogen derivative of camphor. The pres- 
ence of a bromine atom in the molecule underlies the tranquilizing 
effect of the drug. 

Bromocamphor is produced by reacting bromine with camphor in 
a chloroform solution with heating. The evolving hydrogen bromide 
HBr is trapped with water: 


CH3 CH3 
O Br. 
——_—__-- 


+ HBr: 
Br 


Bromocamphor forms colourless crystals or a white crystalline 
powder witha slight smell and taste of camphor. It melts at 74-76 °C. 


Heterocyclic Compounds 293 


It dissolves very sparingly in water, and readily in alcohol, ether, 
chloroform, and fatty oils. It is dextrorotatory. 

Bromocamphor is characterized by all the reactions typical of 
camphor, but a specific reaction is the detecting of bromine after 
mineralization of the drug, which is achieved by boiling it with a 
solution of an alkali and zinc dust. After cooling, the bromide ion is 
determined in the filtrate by conventional analytical reactions. 

When the quality of the drug is being tested, the State Pharmaco- 
poeia requires that no hydrohalogen acids or their salts be present. 
To check this, the drug is agitated with water and filtered. The fil- 
trate should give no reactions for halogens, and the solution should 
have a neutral reaction. 

Quantitative determination consists in finding the bromine con- 
tent in the drug after mineralization by argentometry (the Vol- 
hard method). 

Bromocamphor has a tranquilizing action on the central nervous 
system and improves cardiac activity. It is therefore administered 
in increased nervous excitation and neurasthenia as a tranquilizer 
and soporific. It is dispensed as 0.1-0.5-g powders and pills. 

It should be stored in well closed orange glass jars in a place pro- 
tected from light. 


REVIEW QUESTIONS 


1. What compounds are called terpenes? 

2. How are terpenes classified? 

3. How many optically active isomers does menthol have and how can this 
be explained? 

4. What is menthol from the chemical viewpoint? 

9. What kind of chemical compound is terpin hydrate? 

6. How can the existence of cis- and trans-isomers of terpin hydrate be 
explained? 

7. How does the introduction of bromine into the camphor molecule affect 
its pharmacological action? 

8. Why can the bromine in a bromocamphor molecule be detected only 
after mineralization? 


Chapter 27. Heterocyclic Compounds 


Heterocyclic compounds are compounds whose molecule is a ring 
(or rings) consisting not only of carbon atoms, but also of other ones, 
most frequently nitrogen, sulphur, or oxygen: 


Pyridine Furan Thiophene 
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The atoms (except carbon) in a heterocyclic ring, in the given case 
N, 5, and QO, are called hetero atoms (from Greek heteros, other). 
There are rings with two, three, and more hetero atoms: 


rym 
L. U to 
No S S 

Pyrimidine Thiazol Thiadiazol 


Heterocyclic compounds can be a condensed system of two, three, 
or four rings: 


Indole Quinoline Phenothiazine 


Many valuable medicaments of both a natural origin (alkaloids, 
vitamins, antibiotics, enzymes) and of a synthetic one [analgin 
(novaminsulphon), furacilin (nitrofurazone), barbiturates, cordia- 
min (nikethamide), dibazole (bendazol), chinosol (8-quinolinol po- 
tassium sulphate), aminazine (chlorpromazine)] have a heterocyclic 
structure. 

Heterocyclic compounds are classified according to the nature of 
the heterocyclic systems whose derivatives they are, for example, 
derivatives of furan, pyrazol, thiazole (five-membered heterocycles) 
and derivatives of pyridine, pyrimidine, quinoline (six-membered 
heterocycles). 


27.1. FURAN DERIVATIVES 


The heteroatom in a furan molecule is oxygen. Furan itself has no 
physiological activity, but its nitrogen derivatives, especially 9-ni- 
trofurans, have antibacterial activity and are employed in medicine. 
They suppress the growth of Gram-positive and Gram-negative mi- 
crobes in quite high dilutions of 1:50 000. They also act on some viru- 
ses and Rickettsia. Such a broad spectrum of action of the 9-nitro- 
furans, their comparatively low toxicity and high stability in stor- 
age attracted the attention of chemists and pharmacologists to this 
class of compounds. 
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Studying of the chemotherapeutic action of the o-nitrofurans was 
begun in the USSR in 1943 at the Institute of Organic Synthesis of 
the Latvian SSR Academy of Sciences. The work was conducted un- 
der the guidance of Academician S. Giller. At this institute, drugs 
such as furacilin (nitrofural), furadonin (nitrofurantoin) and fura- 
zolidone were created. They won widespread recognition and appli- 
cation both in the USSR and in many foreign countries. 

The starting substance for the synthesis of all preparations of the 
nitrofuran series is furfurol, which is abundant and obtained from 
the residues of various agricultural products (corn cobs, sunflower 
seed shells, etc.). 

The first part of synthesis up to the production of 5-nitrofurfurol 
is the same for all the preparations: the furfurol is nitrated with ni- 
tric acid in the presence of acetic anhydride, which reacts with the al- 
dehyde group of the furfurol and protects it from oxidation by the 
nitric acid. The resulting 5-nitrofurfurol diacetate is hydrolyzed 
with sulphuric acid to produce 9-nitrofurfurol: 


1 fl co We OCOCH; HNO 
Loc? + (CH,;CO).0 _— nq ——. 
H 


H OCOCH, 
Furfurol Furfurol diacetate 


—- | | OCOCH, 4s l | Ze 
on bod one © FSO. OnN Cf 


5-Nitrofurfurol diacetate 5 - Nitrofurfurol 


The o-nitrofurfurol is further reacted with semicarbazide to form 
furacilin (nitrofurazone); condensation with 1-aminohydantoin yields 
furadonin (nitrofurantoin), and so on: 


_- = H 
| | ZA0_ + H3IN—N—C—NH, “Ho O Ad cmn—N—o—n, 
ON O Cn. H i : 2N H O 


Semicarbazid Furacilin 
a Z9 
O vA go. * HINT NS NH  TH;0 we yo ND 
a 2 = 
2 CAG Ac T O.N 7 T 


1-Aminogidantoin Furadonine 
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[do yoo +t OT Ns 
O2N rr FiaiN T —H,0 O.N C= N~ al 
O H O 

3-Amino-1, 3-oxazolidin -2-one Furazolidone 


The above preparations are pharmacopoeial ones. Recently, nifu- 
ron, furagin, and its soluble potassium salt solafur have been intro- 
duced into medical practice (Table 4). 


TABLE 4. Selected Derivatives of 5-Nitrofuran Used as Drugs 


Name Structural formula 


| | a. 
Puragin on bod cmon cee 


O 


O 
O 
Solafur-soluble furagin | | NW. DNK 
O.N“ SO” \CH==CH—CH==N ~ T 
| | CH.CH.CL 
Nifuron O.NA oy SCH=CH—CH=N—NZ 
2. “SN CH,CH,CL 


For the preparations of the nitrofuran series to exhibit an antibac- 
terial activity, the nitro group must be only in position 5 of the fu- 
ran ring. Its transition to another position lowers the physiological 
activity. The nature and position of the substituent in the furan 
ring also affect antibacterial activity. Compounds having a side 
chain in position 2 of the furan ring exhibit the greatest physiologi- 
cal activity. 

All the nitrofuran preparations are tasteless or slightly bitter crys- 
talline powders. Depending on the length of the side chain, they are 
yellow in colour with various tints from light to orange-yellow, red- 
dish- and yellow-brown. Almost all the preparations of this series 
dissolve poorly in water. Heating increases the solubility. Nitrofu- 
rans dissolve somewhat better in alcohol and other organic solvents. 
They dissolve especially well in dimethylformamide and propylene- 
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glycol. Nitrofuran compounds are sensitive to light, therefore even 
their dilute solutions must be protected from daylight. Ultraviolet 
light causes irreversible decomposition of the molecule, therefore 
these drugs should be stored in dark glass bottles. 

Compounds of the 5-nitrofuran series can be identified by group 
reactions typical of all the representatives of this series, and by re- 
actions specific for the individual drugs. 

The group reactions are: (a) a reaction with solutions of alkalies; 
most frequently a red or orange-red colour appears whose intensity 
and nature depend on the structure of the substituent in position 2 of 
the furan ring. Some compounds produce a colour only in a strongly 
alkaline medium or only when heated, others produce one when cold; 
and (b) a reaction of ammonia evolution when alkaline solutions of 
the drugs are treated with zinc dust with heating: 


IS * — AM zo 7 NH; | 
O,N CH=N—R " O.N cl 


The specific reactions are: (a) the formation in aqueous solutions 
of coloured complexes when a drug reacts with a salt of a heavy me- 
tal (CuSO,, Co(NO;), AgNO3); for example, when a 10% copper sul- 
phate solution and a 10% sodium hydroxide solution are added to an 
alcohol solution of furacilin, a dark red precipitate forms, of furado- 
nin—a dirty green one forms, of furazolidone—a green one forms: 
and (b) a reaction with an alcoho! solution of an alkali in various or- 
ganic solvents; most often acetone and dimethylformamide in which 
nitrofurans dissolve very well are used as these solvents. Depending 
on the concentration of the drug in the organic solvent and the 
amount of alkali added, the colours vary for each drug. 

Various kinds of chromatography can be used to identify the drugs 
of the nitrofuran series, and each of the drugs can be characterized 
by the value of Ay. 

The content of drugs of the nitrofuran series can be determined 
in a variety of ways. Since all the drugs produce coloured solutions 
with solutions of alkalies, photoelectrocolorimetry can be used as a 
group method for their quantitative determination. The State Phar- 
macopoeia recommends determining furadonin and furazolidone in 
this way. 

The iodimetric method is recommended for drugs containing a hy- 
drazine group (=N—NH-—) that can be readily oxidized (for ex- 
ample, furacilin); the bromatometric method can also be used. 

The nitrofurans are widely used in treating various suppurative, 
inflammatory processes, especially caused by staphylococci and var- 
ious intestinal bacteria. One of the main indications for the admi- 
nistration of nitrofurans is the antibiotic resistance of the patho- 
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genes. Nitrofurans have found widespread use in surgery. The drugs 
are dispensed in powders and tablets. 

Drugs of the nitrofuran series should be stored in well closed dark 


glass bottles in a cool place protected from light. The drugs are 
listed in Group B. 


Furacilin (furacitlinum) 


Semicarbazone of d-nitrofurfurol 


C—cC I 
O.N“ \o/ SCH==N—NH—C—NH, 


C,H,N 10, M.m. 198.14 

Furacilin (nitrofural, nitrofurazone) is produced according to the 
general scheme for 5-nitrofuran drugs. 

Furacilin is a yellow or greenish-yellow finely crystalline powder 
with a bitter taste. It dissolves very poorly in water, and poorly in 
ethanol. It gives all the reactions characteristic of drugs of the nitro- 
furan series. 

The State Pharmacopoeia allows admixtures of chlorides, sul- 
phates, heavy metals, and arsenic in the drug within the tolerated 
limits. 

The drug may contain an admixture of semicarbazide, which 1s 
determined with a Fehling solution. Since this impurity is not tol- 
erated in the drug, nored precipitate of copper(I) oxide should appear 
when the Fehling solution is added and the mixture is heated. 

The content of the drug is determined iodimetrically. A weighed 
sample of the drug is dissolved in water with heating in a water bath 
(70-80 °C). The solubility is improved by adding sodium chloride. 
Next an excess of a standard iodine solution is added to a definite 
amount of the mixture, and then 0.1 ml of a sodium hydroxide solu- 
tion to neutralize the evolving hydroiodic acid. 

The hydrazine group is oxidized to nitrogen: 


_ 

anbodN cyan NH—CO—-NH, + 6NaQH + 21, — 
CI 2° at 

—»~ N, +4Nal+ ON O Clu +NH,| + Na,CO, +3H.0 


But in the alkaline medium the iodine can react with the alkali 
to yield hypoiodites (NaOI) and iodides (Naf): 


1, + 2NaOH > Nal+NaOlI + H,0 
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When sulphuric acid is added, iodine evolves, which together with 
the taken excess of the standard iodine solution is titrated with so- 
dium thiosulphate: 


Nal + NaOl +. H.sO, > Na, sO, a I, + H,O 
I, - 2Na,5,0, —_> 2Nal +- NasS40, 


Furacilin is employed as an antibacterial agent for the prophylax- 
is and treatment of suppurative and inflammatory processes. For 
example, its aqueous solutions are used for treating suppurative 
wounds, burns, and in the inflammation of the mucous membranes 
of the throat (gargling). Furacilin is prescribed for oral administra- 
tion to treat bacterial dysentery. 

It is dispensed in 0.1-g powders and tablets for oral administra- 
tion and in 0.02-g ones for preparing solutions for external applica- 
tion. 


27.2. PYRAZOL DERIVATIVES 


rt 


H 


The pyrazol derivatives include widely known drugs, chiefly with 
an analgesic action such as antipyrine (phenazone), amidopyrine 
{aminophenazone), analgin (novaminsulphon), and butadion (phe- 
ny! butazone). 

Pyrazol has an aromatic nature and therefore can participate in 
substitution reactions. Its double bonds can be hydrogenated partly 
(pyrazoline) or completely (pyrazolidine): 


go 
51 2N— N | Ne k ay 
4 N7 N~ N~ oF Ned 
| H | 


O 
H 
Phenylpyrazolin-5-one Pyrazolin Pyrazolidine Phenylpyrazolidine- 
3,5-one 


The ketoderivative of pyrazoline, i.e. 1-phenylpyrazolin-5-one, 
is the basis of molecules of antipyrine, amidopyrine, and analgin; 
the diketoderivative of pyrazolidine, i.e. 1-phenylpyrazolidine-3 ,5-di- 
one forms the structure of the drug butadion. 
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The nitrogen in position 2 can have various substituents, for exam- 
ple, the phenyl radical in a molecule of 1-phenylpyrazolidine-3.0- 
dione (butadion), and the methyl! radical in a molecule of 1-phenyl- 
pyrazolin-o-one (antipyrine, amidopyrine, analgin). 

Substituents at the carbon atom in position 4 determine the spe- 
cific chemical properties and pharmacological action of the pyrazole 
derivatives. Antipyrine, for example, has hydrogen in position 4. 
Under the influence of the nearest carbonyl! group, the hydrogen is 
mobile and ensures reactions that are only specific for antipyrine. 
Amidopyvrine, analgin, and butadion have various substituents at 
the carbon in position 4. They also underlie the specific chemical 
properties of these compounds. 

All the pyrazole derivatives can be oxidized (except for antipy- 
rine); the degree of oxidation differs for each drug and depends on the 
substituent at the carbon in position 4. 

The oxidation products have various colours depending on the 
oxidizing agent used and the reaction conditions. For example, if 
sodium nitrite in an acidic medium is added to amidopyrine as an 
oxidizing agent, a violet colour is observed, whereas a potassium 
chromate solution produces a brownish-red colour. Such oxidation 
reactions are employed to identify the given group of drugs. 

The readiness of oxidation also requires the corresponding condi- 
tions of storage of these drugs, namely, in well closed bottles and in a 
place protected from light. 

All the drugs of this group are produced synthetically. 


Antipyrine (Antipyrinum) 


I-Phenyl-2,3-dimethyl-5-pyrazolone 
——7— CH; 
4 Jon —~CH; 


C,H .N,O0 M.m. 188.23 

The starting substances for the synthesis of antipyrine (phenazone, 
analgesine) are acetylacetate and phenylhydrazine. Acetylace- 
tate is produced by the condensation of two molecules of ethyl ace- 
tate in the presence of sodium ethylate: 


CoHsONa 


H,C — CO — OCH, + Bee CcoO— OCH; ~ CoH;0H 


H 
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The acetylacetate is reacted with phenylhydrazine: 


H,C—C—CH, H, C—E—CH, 7 

Ad Ore ok oO Sia 

0. H,.0 o& —N- -CHOn” 

Ze OFr™N, nee C,H.OH 
Z°OCH, 'OC3HsH! _ 

H,.C——C-—CH —=C¢—CH 
° | TT : € \-so,0cn, “t . OCH. NaOH 
—- 4oO. N a ea CA WAN — 
Oo” \N7~ methylation at 


| 


O Oo Le 


Antipyrine 


Antipyrine forms colourless crystals or a white crystalline powder 
with a slightly bitter taste, without an odour. It dissolves very 
readily in water, readily in alcohol and chloroform, and sparingly in 
ether. 

The drug is identified by: (a) the formation of nitrosoantipyrine 
(of an emerald green colour) by reacting the drug with a sodium ni- 
trite solution in an acidic medium: 


Nitrosoantipyrine 


(b) a reaction with an iron(III) chloride solution; an intensive red 
colour appears owing to the formation of the complex salt ferripy- 
rine: 


HC—=—=C—CH; 
3 | | ° 2FeCl, 


N-—CH 
oF \N/ : 
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These reactions are official ones. The melting point of the drug 
(110-113 °C) can be used to identify it and check its purity. 

The content of antipyrine is determined by the iodimetric method 
based on the ability of antipyrine to react with the halogens owing to 
the mobile hydrogen in position 4 of the molecule. A weighed sam- 
ple of the drug is titrated with iodine in the presence of sodium ace- 
tate that binds the evolving hydroiodic acid and thus prevents the re- 
versible reaction: 


N—CH, + |; ————= N—CH, + HI 
oF\n? *? CHCOONa oF \W/ , 


0 


I, + 2NaeS203 —_> 2Nal + Nae540, 
HI -- CH,COONa > Nal + CH,COOH 


The iodopyrine formed in the reaction can adsorb a certain amount 
of iodine on its surface, therefore alcohol or chloroform is added to 
dissolve the formed iodopyrine. 

Antipyrine is employed as an antipyretic, analgesic, and tranquil- 
izing drug in the treatment of headaches, neuralgia, and rheumatism. 
It is dispensed in 0.25-g powders and tablets. 

Antipyrine can readily react with acids, phenols, aldehydes, and 
mercury salts. When reacting with some of these substances, anti- 
pyrine becomes liquid, which must be taken into consideration 
when writing prescriptions. It is listed in Group B. 


Amidopyrine (Amidopyrinum ) 
1-Pheny|-2,3-dimethyl-4-dimethylamino-5-pyrazolone 


H;C 
N\y—ca=c—Ch; 
H.C” 


—CH, 
aN 


C13H,;N;0 M.m. 213.30 

Amidopyrine (aminophenazone, amidofebrin, amidofen) is pro- 
duced from antipyrine by introducing a dimethylamino group into its 
molecule at position 4. First nitrosoantipyrine is obtained. It is 
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then reduced to aminoantipyrine, and the latter is methylated, the 
product being amidopyrine: 


H,C._ 


H, I ! ou 2CH; Hal | 
N—CH; -- —Cn, C N—CH 
oF \w/ oF \w oF wy? " 
Nitrosoantipyrine Aminoantipyrine Amidopyrine 


Amidopyrine forms odourless white crystals or a white crystal- 
line powder with a slightly bitter taste. It dissolves readily in chloro- 
form, is soluble in ether, ethanol, and dissolves slowly in water 
(1:20). 

Aqueous amidopyrine solutions have a weakly alkaline reaction. 
The dimethylamino group in the amidopyrine molecule imparts ba- 
sic properties to it, therefore it forms salts with acids. 

Amidopyrine is a good reducing agent and is itself readily oxidized 
by oxidizing agents such as iron(II) chloride, silver nitrate, and po- 
tassium permanganate. The oxidation products have a variety of 
colours, consequently these reactions are used to identify the drug: 

(a) a reaction with an iron(III) chloride solution yields a violet 
colour that does not disappear when a mineral acid is added, unlike 
analgin; 

(b) a reaction with a silver nitrate solution first yields a blue-violet. 
colour (the product of oxidation of the amidopyrine), and then a dark 
precipitate of the reduced silver forms; 

(c) when a solution of potassium ferricyanide K,[Fe(CN),] in an 
acidic medium is added to a solution of the drug, and then an iron(II]) 
chloride solution, a blue colour appears (Berlin blue). This 
reaction distinguishes amidopyrine from antipyrine. It is presumed 
that the action of strong oxidizing agents in an acidic medium 
causes amidopyrine to become oxidized to dihydroxyamidopyrine: 


O 
Ths ee 
HCN == —cH, K,[Fe(CN), ] ° \n—d C—-CH, 
H3c~ | ; So H,cC~ —s | Vea + H,[Fe(CN), ] 
N-, H, — 3 


0 


3H,[Fe(CN),] + 4FeCl, -> Fe,{[Fe(CN),], + 12HCl 


Berlin blue 
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All these reactions are official ones. 

The drug may contain admixtures of chlorides (not tolerated by 
the State Pharmacopoeia) and aminoantipyrine. The latter is al- 
lowed by the State Pharmacopoeia within the limits tolerated by the 
relevant standard. Aminoantipyrine is detected by the turbidization 
of an aqueous solution of the drug when a benzaldehyde solution is 


added: 
a € canta c~CH, 


(oO \n JN~CHs | 


JIN—-C===c— —CH; 


H. _v 
oe a N xX Sz 
oF NN 7 3 


The State Pharmacopoeia recommends acid-base titration in 
non-aqueous media for the quantitative determination of the drug. 
Amidopyrine as a weak base is titrated with perchloric acid in 
the presence of a protogenic solvent — glacial acetic acid, using a tro- 
peolin-OO indicator in methanol, until a bright violet colour ap- 


pears: 
CH, 7 CH, 


/ / 
R—N +HClO,+CH,COOH | R—N ClO;-+ 2CH,COOH 


N\ 
CH, | #H CHI 


(R is the residue of the amidopyrine molecule). 

Amidopyrine is a constituent of a large number of medicinal forms 
and is employed as an antipyretic and analgesic agent. It also pro- 
duces a number of undesirable side etfects. Its prolonged use may 
sometimes lead to agranulocytosis. 

It is dispensed as 0.25-g powders and tablets, and also in the form 
of 1% and 4% solutions in ampoules, for dissolving penicillin. 

It should be stored in well closed jars in a place protected from 
light. It is listed in Group B. 


Analgin (Analgtnum) 
Sodium I-phenyl-2,3-dimethyl-4-~methylamino-5-n-pyrazolonmethane- 
sulphonate 


_-CH; 
HsC— C=C NC cH, 80, Na -H,0 


PCN ES 
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C,3H,.N3;Na0,8-H,O M.m. 351.36 

Analgin (novaminsulphon, dipyrone) is synthesized from amino- 
antipyrine, which is reacted with benzaldehyde. The resulting ben- 
zylidene-aminoantipyrine (I) is methylated with dimethylsulphate 
to produce monomethylantipyrine (II). Treatment of the latter with 
a mixture of aqueous solutions of formaldehyde and sodium hydro- 
gen sulphite yields analgin: 


_ H 
H,C—C—=—=C—N tH Ip : H ,;c—C=——C—Nn=C—C,Hs 


| Aris | 
+ C.H,—Cm —_ ———> 
FIONN Ww “ HTH MC \WNo 
O, 
O OCH 4 0 
Ne epee NaHSO, +HCZ 
Z™NOCH; ue [1S Ncu; ‘ 
| 
OL 
| CH; 
ame 
Hs C-*C==C—N< cH, S0,Na 
——» H 


I 


0} 


Analgin is an odourless white coarsely acicular crystalline pow- 
der, sometimes with a hardly noticeable yellowish tint, having a bit- 
ter taste. It dissolves readily in water, sparingly in alcohol, and does 
not dissolve in ether, chloroform, and acetone. Aqueous solutions 
turn yellow when left in the air. 

The drug is identified by: (a) a reaction with mineral acids with 
heating; a smell of sulphur dioxide and then of formaldehyde (the 
products of decomposition of sodium methylenesulphite) is felt: 


CH; 
™~CH,S0;Na 0 


t 
HCN Cx +HCL—» HsC-N Cx + SO, + 


N 
| 
OC} + CH,0+ Natl O} 


CH; 


20-01542 
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(b) the coloured oxidation products; when an oxidizing agent such 
as potassium iodate is added to an acidified solution of the drug in an 
alcohol medium, the solution turns crimson (oxidation intermedi- 
ates). When more potassium iodate is added, the colour becomes more 
intense and a brown iodine precipitate separates: 


JOO. +. 2KIO, —_> Inf +- K,SO,; + 4850, 


These reactions are official ones and distinguish analgin from anti- 
pyrine and amidopyrine. The State Pharmacopoeia tolerates admix- 
tures of heavy metals and arsenic in the drug within the specified 
limits and does not tolerate admixtures of aminoantipyrine. 

The quantitative determination of the drug is based on the oxida- 
tion of its molecule by iodine (the sulphite ion transforms into a sul- 
phate ion): 


CH . CH 
HsC—C=—=C—NC N H3C—C==C—NTH ° 
H;C—N mt te #20 — H.C é e + 

Nw No Sn Xo 


A weighed sample of the drug dissolved in water is titrated with 
iodine until an unvanishing yellow colour of the solution appears. 

Analgin is employed as an analgesic, antipyretic, and antiphlogis- 
tic agent for the relief of headaches, neuralgia, radiculitis, influen- 
za, and rheumatism. 

It is dispensed as 0.25- and 0.5-g powders and tablets, and as a 
90% solution in ampoules. 

Analgin should be stored in well closed jars in a place protected 
from light. It is listed in Group B. 


Butadion (Butadionum } 
1,2-Diphenyl-4-n-butyl 3,5-pyrazolidinedione 


Oo=C——-C aH 


| | “CHa)s —CH, 
CO So 


CiglHaoN.O. M.m. 308.38 
The main part of the butadion (phenylbutazone, diphebuzol) 
molecule is a completely hydrogenated pyrazole—pyrazolidine. 
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The molecule has two phenyl radicals at the nitrogen atoms in 
positions 1 and 2. This half of the molecule can be considered as a 
residue of hydrazobenzene (1). The other half of the molecule can 
be considered as a part of a malonic acid molecule in which one 
hydrogen atom in the methylene group has been replaced by a butyl 
residue (II): 


29 


xs 
“NOH 
H H | 
|_oH 
No 


To produce butadion, an n-butyl radical is introduced into a 
malonic ester with the aid of butyl bromide in the presence of sodium 
ethylate. The resulting n-buty!malonate is condensed with hydra- 
zobenzene (I) in the presence of condensing agents; the product is 


butadion: 
H 
wv-n—€_) 


O 
| 
C—OC,H,; C—OC2H; 
4 C,H,ONa Hé—~C.Hs 
2 C,H.Br H.C.ONa 
\c—OC.H; _ \c—0c.H, a 
H 
\e—c= 
— EO 
oF »N 


Butadion 


Butadion is a white powder, sometimes with a slightly yellowish 
tint. It is virtually insoluble in water, sparingly soluble in alcohol, 
and readily in chloroform, ether, and acetone. 

Butadion has acidic properties due to the mobile hydrogen (at 
the carbon in position 4) which can produce an enol form with the 


20* 
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nearest carbonyl] groups. As a result, butadion can dissolve in alkalies 
with the formation of salts: 


H 
‘“ = —_—UoL_ ed Oe —_-_—— Or 
Hoe H,C, c C OH NaOH H.C, C=C ONa 


— C. UN 
oF NN’ v—_) oF ~“N” —<) wrt) 
q CO) 
~ { ] 


The sodium salt of butadion dissolves well in water and is used 
in medicine in the form of solutions in ampoules. 

Butadion is readily brominated, the hydrogen atom in position 4 
being substituted by bromine. 

Butadion yields coloured salts insoluble in water with solutions 
of the salts of heavy metals. The butadion is first neutralized with 
an alkali (according to an indicator) up to the formation of a sodium 
salt, and then, when a copper sulphate solution is added, a copper 
salt of butadion forms with a gray colour transforming into pale 
light blue. 

A white precipitate of a silver salt forms with a solution of silver 
nitrate, and a brown precipitate forms with an iron(III) chloride 
solution. 

The basic properties of butadion are expressed weakly (they are 
weakened by two phenyl radicals). As a base, butadion reacts only 
with concentrated sulphuric acid. 

Butadion can be readily oxidized owing to the hydrazobenzene 
residue in its molecule: 


AX) at) 


{0} : 


Hydrazobenzene Azobenzene (coloured) 


These properties of butadion determine its identification reactions: 

(a) when butadion is oxidized with sodium nitrite in concentrated 
sulphuric acid, an orange colour appears that transforms to a cherry 
red one; this is attended by the evolution of gas bubbles. This reaction 
can be used to detect butadion in the presence of amidopyrine, in 
a mixture with which it is dispensed; 

(b) with a copper sulphate solution, a precipitate of a coloured 
copper salt of butadion forms. 
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An admixture of hydrazobenzene in the drug is not tolerated. 
It can be detected by a reaction with a 10% iron(III) chloride solu- 
tion in the presence of concentrated sulphuric acid (a cherry red 
colour appears). 

Butadion is determined quantitatively by neutralization owing 
to its acidic properties. A weighed sample of butadion dissolved in 
acetone (to avoid hydrolysis of the formed sodium salt) is titrated 
with an alkali using a phenolphthalein indicator. 

A solution of the sodium salt of butadion becomes yellow when 
boiled, therefore the aseptic preparation of injection solutions is 
recommended. 

The drug is dispensed in 0.15-g tablets and powders. It is employed 
as an analgesic, antipyretic, and antiphlogistic agent. 


27.3. PYRIDINE DERIVATIVES 


~) 
N 


SS 
Pyridine is a six-membered heterocycle with one heteroatom in 
the ring, namely, nitrogen. It is not used in medicine owing to its 
high toxicity, although it is a potent bactericide. The introduction 
of a number of functional groups into the pyridine ring lowers its 
toxicity, and therefore some of its derivatives are employed as drugs 
with a various physiological action, for example, nicotinic acid (I) 
and its amide (II): 


COOH 
COOH CONH, 
oO oO ea 
oy Yr” 
N SN N 
L si} Ul 


These compounds are a pellagra-preventing (P-P) factor. The 
amide is a vitamin substance in the vitamin B, complex. 

The derivatives of 3-pyridinecarboxylic acid (III), namely, isoni- 
azide, ftivazide, saluzide (opiniazide), etc. are a group of antituber- 
culous agents. The pyridine ring is a part of many natural medica- 
ments such as alkaloids and vitamins. 

The diethylamide of nicotinic acid is a very important compound. 
It is used to produce the drug cordiamin (nikethamide). The latter 
has a stimulating action on the central nervous system, chiefly 
on the vasomotorial and respiratory centres of the medulla oblongata. 
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Diethylamide of Nicotinic Acid 
(Diaethylamidum actdt nicotinict) 


C,oH14N.0 M.m. 178.24 
The diethylamide of nicotinic acid is produced from nicotinic 
acid. The latter can be prepared in two ways: 
(1) catalytic oxidation of quinoline in. the gaseous phase: 


COOH 
NA SN 


Fused vanadium oxides are used as the catalyst; 

(2) the oxidation ammonolysis of quinoline (in the presence of 
ammonia); the product is nitrile, which after hydrolysis forms nico- 
tinic acid: 


C==N 
Ne SN hydrolysis SN 


The addition of ammonia suppresses oxidation of the pyridine 
ring. At present, these methods of producing nicotinic acid are 
commercial ones. | 

The nicotinic acid is transformed by the action of phosphorus 
pentachloride into the chloranhydride, which is reacted with die- 
thylamine in the presence of water-removing agents: 


COOH 


COOH COI! YOHs 
a a ~ Ae 
CY +a —Cy “Sow 
SN SN 


Gils 


—- + HCL 
SN 


The diethylamide of nicotinic acid is a colourless slightly yellow 
oily liquid with a weak peculiar odour. It mixes with water, 95% 
alcohol, ether, and chloroform in all proportions. Its specific gravity 
is 1.058-1.066. 

Its pharmacopoeial preparation is cordiamin (Cordiaminum), 
which is a 25% aqueous solution of the diethylamide of nicotinic 
acid. It is a colourless or slightly yellow liquid with a specific odour. 
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The identification reactions for the diethylamide of nicotinic acid 
and cordiamin are the same: 

(a) when cordiamin is reacted with a sodium hydroxide solution 
and heated, diethylamine forms, which has a typical odour of 
amines: 

CO 
con’ af 
a4 ™U™.C3H, + NaQH -—~— i 


NN 


CH 
+ HNO 
NGiHs 


(b) when a copper sulphate solution is added to a solution of the 
drug, a deep blue colour appears; when an ammonium thiocyanide 
solution is added, a bright green precipitate forms: 


con 2024s CONT CaHs 


ZA “CJH, CuSO, | Zo ) ™ CiH, cut+| so2- 2NH, SCN 
1@ nine 
N Blue * 
CH, 
CON GH, 


— Cr cut* | (SCNI; | 
Ne 
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(c) when a solution of the drug is boiled with an alcohol solution. 
of 2,4-dinitrochlorobenzene, the solution turns yellow. After cooling 
and the addition of a sodium hydroxide solution, a violet colour 
appears, which gradually turns brownish-red when more alkali is 
added (a reaction for the pyridine ring): 


NO, 

A 

SN 
e C) 
SA CL SN OH- 


) NaQH NaCH 
ya —— NO, C,H;OH oa ) NO, C,H;,OH 
NN | S 

| | 

NO, NO, 


Pyridinium chloride Pyridinium oxide 


312 Organic Drugs 


Sy, 0 ao” 
Cy OK 
, NH NH 


7NSSSOH 
NO, NO, oe 


NO, NO, NO, 
Carbinol form Aldehyde form Brownish-red 
( yellow) 


All these reactions are official ones. 

To confirm the tertiary nitrogen in the pyridine ring, reactions 
with complex acids such as phosphatomolybdic and phosphatotung- 
stic acids can he carried out. Coloured precipitates form. The drug 
may contain reducing substances and organic impurities that are 
tolerated by the State Pharmacopoeia within the established limits. 

The content of the diethylamide of nicotinic acid is determined 
relative to the nitrogen by the Kjeldahl method. The content of the 
diethylamide of nicotinic acid in the drug cordiamin is determined 
by refractometry according to the refractive index. 

Cordiamin is administered in acute and chronic disorders of 
cardiac activity and weakening of respiration. It is prescribed for 
subcutaneous, intramuscular, intravenous, and also for oral admin- 
istration. It is dispensed in 1- or 2-ml ampoules for injections and 
in bottles containing 30 or 10 ml for oral use. Cordiamin should be 
stored in orange glass bottles with ground glass stoppers. The drug 
for injections is stored in sealed ampoules in a place protected from 
light. It is listed in Group B. — 


27.4. PIPERIDINE DERIVATIVES 


CO 


H 


Piperidine is hydrogenated pyridine and also belongs to the six- 
membered heterocycles. 

The piperidine ring is contained in the molecules of many synthetic 
and natural medicaments. One of the synthetic derivatives of pipe- 
ridine is the drug promedol (trimeperidine hydrochloride), which 
was developed when searching for analogues of morphine. 

Promedol has found widespread use in medicine as an analgesic 
replacing morphine. It is a pharmacopoeial drug. 
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Promedol (Promedolum ) 
1,2,0-Trimethyl-4-pheny|-4-propionyloxypiperidine hydrochloride 


H, C, OcOoCc,H, 
H,C 5 4 3 HCL 
1 CH; 
N 
| 
C 


C,,H.,NO,- HCl M.m. 311.85 

In the chemical respect, promedol (trimeperidine hydrochloride) 
is an ester of phenyltrimethy]piperidol with propionic acid. Pro- 
medol is a white crystalline powder with a bitter taste. It dissolves 
readily in water and chloroform, is soluble in alcohol, and insoluble 
in ether and benzene. 

The State Pharmacopoeia recommends the following reactions 
for identifying the drug: 

(a) a reaction with formaldehyde and concentrated sulphuric 
acid in chloroform, a red ring forms at the phase interface (a reaction 
for the phenyl radical): 

(b) a reaction of formation of a yellow picrate (promedol contains 
tertiary nitrogen and like a base can form salts with acids, in the 
given case with picric acid, trinitrophenol): 


NOQ, 
H.C, OCOCH, CH; 
H3C | 
N CH, O,.N—4\ NO, 
| 
CH, OH 


The drug is determined quantitatively by non-aqueous titration 
in a medium of glacial acetic acid, the titrant being perchloric acid 
and the indicator—crystal violet: 


H.Ce OCOCH,CH, 


H;C HCL+ HCLO, + (CH;COO).Hg + 2CH,COOH —+ 
2 CH, 
N Anhydrous 


H.C, OCOCH.CH, 


—» > “ed ClO; +HgCl, +4CH,COOH 
je—CH, 
| 


| W567 | 
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In its analgesic action, promedol is very similar to morphine. It 
is endured better than morphine and omnopone, does not cause 
vomiting or constipation, and simultaneously has a spasmolytic 
action. However, promedol retains the same shortcoming as morphine, 
i.e. the organism gets accustomed to it upon continuous use. 

It is dispensed in 0.025-g powders and tablets, and in ampoules 
containing 1 ml of a 1% or 2% solution. 

It should be stored under a lock in well closed jars and sealed 
ampoules. It is listed in Group A. 


27.5. QUINOLINE DERIVATIVES 


ae 
12 
N 

Quinoline, or benzopyridine, has a bactericidal, antiseptic, and 
antipyretic action, but these valuable properties cannot be used in 
medicine owing to its high toxicity. The introduction of various 
substituents into the quinoline molecule, however, lowers its toxic- 
ity. A number of quinoline derivatives are known that tare employed 
in medicine as drugs with a various physiological activity, namely, 
derivatives of 8-aminoquinoline—plasmocid, quinocide (chinocide), 
and of 4-aminoquinoline—quingamine (chloroquine diphosphate) 
(antimalarial drugs); derivatives of 4-quinolincarboxylic acid— 
sovcaine (cinchocaine) (a local anaesthetic); and derivatives of 
8-hydroxyquinoline—quinoso! (chinosol), nitroxoline (5-NOK), ente- 
roseptol (clioquinol) (antibacterial and antiseptic drugs): 


NO; 

aa Ss SS 

NZ MSOs N20 NZ 
OH OH 


OH ; , 
Quinosol Hydroxyquinoline Nitroxolin 


The molecules of this group of compounds contain an 8-hydro- 
xyquinoline ring, therefore their synthesis follows the same scheme 
known as the classical method of quinoline synthesis after Z. Skraup. 

This method consists in heating aniline with glycerin, sulphuric 
acid, and nitrobenzene. The glycerin is preliminarily dehydrated to 
acrolein by heating to 180 °C: 


O 
°C Va 
CH,OH — CH(OH) — CH,OH "oH,o” H,.CcC= CH —~C— H 


Glycerin Acrolein 
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°Ne7 2° ) Sou 
{ 
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Dihydroquinoline Quinoline 


The aniline produced together with the quinoline is recycled for 
condensation with acrolein. 

The Skraup method can be used to produce any quinoline deriv- 
ative if the relevant amine with various substituents is taken as 
the starting substance. For example, to produce quinosol (8-hydro- 
xyquinoline), ortho-hydroxyaniline (I) should be taken as the start- 
ing substance, and to produce nitroxoline, 4-nitro-8-hydroxyaniline 
(Ii) should be taken: 


NO, 


NH, S NH, 
OH OH 
Lt tt 


The next synthesis steps repeat those for quinoline. 
This is what forms the universal nature of the Skraup synthesis, 
and it therefore has a practical significance up to the present time. 


Quinosol (Chincsolum ) 


S-Hydroxyquinoline sulphate 


—~ 
CD | 20 
NA 


| 
OH 
(CoHsNO),-H,SO, M.m. 388.40 
To produce quinosol (chinosol) by the Skraup method, 8-hydro- 
xyquinoline is first produced. It is dissolved in alcohol and treated 
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with a calculated amount of sulphuric acid. The latter forms a salt 
owing to the basic properties of the tertiary nitrogen of 8-hydro- 
xyquinoline. 

Quinosol is a finely crystalline lemon-yellow powder with a specific 
odour. It dissolves readily in water, only slightly in alcohol, and 
is insoluble in ether and chloroform. The drug melts at 175-178 °C. 
It is identified as follows: 

(a) by a reaction with a barium chloride solution; a white pre- 
cipitate of barium sulphate forms (a reaction for SO; ); 

(b) by a reaction with an iron(III) chloride solution; a bluish- 
green colour appears (the phenol hydroxy] group); 

(c) by precipitation with a sodium carbonate solution of a quinosol 
base that is soluble in an excess of the reagent: 


~ H,SO, + 2Na,CO, —=> 2 ‘“ | + Na,SO, + 2NaHCO, 
N NA 
OH 


OH 2 


+ (Na,CO, +H,O == NaHCO, + NaQH) -— 


SS 
—_ Cr + NaHCO, +H,0 
NA 


ONa 
Soluble sodium quinolate 


OH 


The State Pharmacopoeia recommends determining the content 
of quinosol in the drug by neutralization. A weighed sample of the 
drug dissolved in water is titrated with an alkali in the presence of 
chloroform, which extracts the formed base: 


™S 
H,SO,+ 2NaOQH—= 2 | + Na,SO, + 2H,0 
No 


OH , OH 


Quinosol is used as an antiseptic in a dilution of 1:1000 and 
1:2000 for the disinfection of hands, washing wounds and sores, 
and for irrigation. 
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Quinosol must never be used to disinfect surgical instruments 
because it forms insoluble compounds with metals. 
The drug should be stored in tightly closed containers. 


Nitroxoline (Nitrozolinum) 


5-Nitro-8-hydroxy quinoline 


o 
CL 
Lye 
| 
OH 
C,H,N.0; M.m. 190.16 


N itroxoline (S-NOK) is a finely crystalline yellow or grayish yellow 
powder; it may have a light greenish tint. 

The drug is identified by: 

(a) a reaction with an iron(III) chloride solution; a green colour 
appears (8-hydroxyquinoline); 

(b) an ultraviolet absorption spectrum of a 0.001% solution of the 
drug in 95% alcohol in the region of 220-460 nm. There are three 
peaks in this region, namely, at 242 +2 nm, 356 + 2 nm, and 
455 + 2 nm; 

(c) a reaction of reducing the nitro group to an amino group with 
the subsequent formation of an azo dye (see Chap. 23), which is 
coloured orange-red. 

The content of nitroxoline in the drug is determined by acid- 
hase titration in non-aqueous media. The drug is dissolved in formic 
acid and titrated with a 0.4 N perchloric acid solution using a mala- 
chite green indicator (a 0.5% solution in glacial acetic acid) until 
a yellow colour appears. At the end of titration, five drops of the 
indicator are added. The calculation is performed for the dry sub- 
stance. The nitroxoline in the drug can also be determined quanti- 
tatively by nitritometry after reducing the nitro group to an amino 
group. 

Nitroxoline is administered as an antibacterial agent in infections 
of the urogenital tract (pyelonephritis, cystitis, etc.). 

It is dispensed in 0.05-g spherical tablets. It should be stored in 
a dry place protected from light. 
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27.6. PHENOTHIAZINE DERIVATIVES 


The phenothiazine nucleus is a condensed system of three rings, 
namely, thiazine and two benzene rings bound to it, hence pheno- 
thiazine can be called a dibenzoderivative of thiazine: 


. Ga | | 
() VAY N R 
H H: R '0 


Thiazine Phenothiazine Phenothiazine 
derivatives 


Although phenothiazine does exhibit a physiological activity 
(anthelminthic action and local anaesthetic), at present it has lost 
its significance as a drug. 

Phenothiazine derivatives having substituents (R? and R?) in 
positions 2 and 10 of the nucleus are of much greater significance. 
Most frequently R?® is a residue of 3-dialkylaminopropanol 


(—CH,—CH,—CH,—NZ ) or its derivatives, while R* can be H, 
Ci, COCH,, CFs, etc.: 


CH; 
Aminazine Rit= — CH.CHACH2—NA ay , R?= —Cl 
3 
* * CH, . 
Diprazine R'°= — CH, —CH—NA oy R2=- —H 


3 


Triftazine Ros — CH,CH,CH,—N N ——CH;3 R?= —CF. 
VS 


Such phenothiazine derivatives unite a large group of drugs with 
a psychotropic action (neuroleptics). 

All these drugs are similar to one another in their appearance. 
They are mostly white, with or without a creamish tint, crystalline 
powders. Some of them have a greenish-yellow colour [triftazine 
(trifluoperazine), mepazine (pecazine)]. They dissolve very readily 
in water, readily in 95% alcohol and chloroform; they are practically 
insoluble in ether and benzene. 

As regards the chemical properties of the phenothiazine deriv- 
atives, they can be readily oxidized. Depending on the nature of 
the oxidizing agent (bromine water, nitric and sulphuric acids, 
iron(III) chloride, etc.), the oxidation products have different 
colours. This is why these reactions are used to identify the drugs 
of the phenothiazine series. 

The sulphur atom is the most reactive in a molecule of pheno- 
thiazine and its derivatives. It can become oxidized to S* and S*. 
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The oxidation of phenothiazine or its derivatives with bromine 
in acetic acid or with another oxidizing agent such as hydrogen 
peroxide results in the formation of S-oxide (I) and dioxide—sulphone 
(II): 


O 

| NO 
SOAS Br, > _. LSw 
N | oR? CH,COOH , N R? OO» 
L R19 I Rie 1 


Phenothiazine derivatives can enter into a reaction with common 
alkaloid reagents because of the tertiary nitrogen in their molecule 
(see Chap. 28). 

All the drugs of the phenothiazine series are employed in the 
form of hydrochlorides, therefore after isolation of the base with 
an alkali, the chloride ion is detected in the filtrate by a reaction 
with silver nitrate. 

Among possible impurities in the drugs, the State Pharmacopoeia 
tolerates sulphates, heavy metals, and phenothiazine within the 
established limits. An acidity limit is also stipulated. 

The methods used for the quantitative determination of the drugs 
of the phenothiazine series are quite diverse and are based on the 
properties of the relevant: compounds. Acid-base titration in non- 
aqueous media is the official method. A drug is dissolved in glacial 
acetic acid or acetone, mercury(II) acetate is added, and the mixture 
is titrated with perchloric acid using a crystalline violet or methyl] 
orange indicator: 


CH,;COOH 


OL a .: Cl + (CH,COO),Hg + 2HCLO, “onhydrous” 


H 


—~» HgCi, + 2CH,;COOH + CL yo - ClO; 


H,—(CH, ), —N< 
H~ 


The conventional method of neutralization with differentiating 
solvents is also an official one. It is recommended for a solution and 
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tablets of diprazine (promethazine). [t is recommended to determine 
nitrogen by the Kjeldal method for the quantitative determination 
of aminazine (chlorpromazine) in a solution. Since the derivatives 
of phenothiazine darken in the light owing to their oxidation and 
are hygroscopic, they should be stored in orange glass jars tightly 
closed with stoppers sealed with wax in a dry place. 

When working with phenothiazine derivatives, take care to prevent 
a powder or solution from getting onto the skin and mucous mem- 
branes because they cause great irritation, oedema of the eyelid 
skin, and lowering of the blood pressure. The drugs are listed in 
Group B. 

The pharmacopoeial drugs of the phenothiazine series include 
aminazine (chlorpromazine), diprazine (promethazine), triftazine 
(trifluoperazine), and chloracyzine. 


Aminazine (Aminazinum) 


2-Chloro-10-(3-dimethylaminopropyl)-phenothiazine hydrochloride 


CL -« 


CH; 
H,——CH, — CH, 


—NA ~-HCL 
“CH 


3 


C,H, CIN.S- HCl M.m. 355.3 

This drug was first synthesized in France and named chlorprom- 
azine. Later its synthesis was developed in the USSR. The Soviet 
drug was named aminazine. 

The starting substance for the synthesis of aminazine is 2-chloro- 
phenothiazine, which is condensed with 3-dimethylaminochloro- 
propane hydrochloride in the presence of an alkali. Next, a reaction 
with an alcohol solution of hydrogen chloride yields aminazine: 


S CH; 
CT ) _ _CU-CH:—CH,—CH,-NZ cH se HCl 


7 a H,—(CH, "ye 
Chlorophenothiazine 
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Aminazine 
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Aminazine is a white finely crystalline powder, sometimes with 
a slightly creamish tint. lt is slightly hygroscopic. It darkens in the 
light. The drug dissolves readily in water, 95% alcohol and chloro- 
form, and is insoluble in ether and benzene. 

The drug is identified: 

(1) by a reaction with oxidizing agents: (a) when heated with bro- 
mine water, a transparent crimson solution forms; (b) with concen- 
trated nitric acid, a solution of the drug becomes red, and a white 
suspension forms. With the subsequent addition of nitric acid, the 
solution becomes transparent and colourless; 

(2) after the isolation of the aminazine base by the action of an 
alkali, Cl- is determined in the filtrate with a silver nitrate solution. 

The content of aminazine in the drug is determined by acid-base 
titration in non-aqueous media (State Pharmacopoeia). 

Aminazine is widely used in medicine, namely, in psychiatry, 
neurology, and surgery for amplifying the action of analgesics and 
local anaesthetics. A feature of aminazine is its ability to lower 
a body's temperature, which is of significance in the artificial cooling 
of an organism (hypothermia). 

It is dispensed in 0.025-, 0.05-, and 0.1-g spherical tablets and 
in ampoules containing 2 ml of a 2.5% solution for injections. 


Diprazine (Diprazinum) 


10-(2-Dimethylaminopropyl)-phenothiazine hydrochloride 


S 
CLO 
| CH 
a ‘ 
CH,— CH—-No HCL 


| CH, 


CH; 


Ci7H. N.S: HC! M.m. 320.89 

To produce diprazine (promethazine hydrochloride), phenothia- 
zine is condensed with the hydrochloride of 1-dimethylamino-2- 
chloropropane in the presence of an alkali. The obtained diprazine 
base is transiormed by an alcohol solution of hydrogen chloride into 


21—-01542 
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the hydrochloride (diprazine): 


x , CH; CHCICH, NCH HCL XG HCL gas 
‘CH 
; reo nc 


CH, 
Diprazine (base) 


Phenothiazine 


~ COO 


CH 
CH — NZ « HCL 
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CH, 
Diprazine 


Diprazine is a white crystalline powder that dissolves readily in 
water, 95% alcohol and chloroform, and is insoluble in ether. The 
drug is identified: 

(1) by a reaction with oxidizing agents, namely, (a) when heated 
with dilute nitric acid, the solution acquires a stable red colour: 
and (b) when heated with bromine water, a turbid dark crimson 
solution with a suspended precipitate appears; 

(2) after precipitation of the diprazine base with an alkali, the 
chloride ion in the filtrate is determined with a silver nitrate solution. 

The content of diprazine in the drug is determined like that of 
aminazine. 

It is administered in allergic diseases. It is dispensed in 0.025-g 
powders or coated tablets and in ampoules containing 2 ml of a 
2.9% solution for injections. 


Triftazine (Triphthaztnum) 


2-Trifluoromethy1l-10-[3'-(1 "-methylpiperazione-4 "-yl) propyl| pheno- 
thiazine dihydrochloride 


5 
CE ce 2HCL 
| 


CH.—(CH, )2—N N—CH;, 


C.,H..F,N,9-2HCI M.m. 480.4 

Triftazine was first synthesized in the USSR. Its foreign-made 
analogue is trifluoperazine hydrochloride. The starting substance is 
benzotrifluoride (I), which in a number of steps is transformed into 
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2-trifluoromethy!-10-chloropropylphenothiazine (11). The jatter is 
condensed with 1-methylpiperazine (III) and the triftazine base is 
obtained. It is transformed into the dihydrochloride by the action 
of an alcohol solution of hydrogen chloride: 


hy OO, 


CH,—/( CH, ) CL 


OT 
f—-~ 
HN N—CH, 
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— CIO = 
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Triphthazine base 


S 
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CF, 


CH,-—-(CH,),—N N-—CH;-2HCI 
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Triphthazine 


Triftazine (triphthazine) is a white or greenish-yellowish crystalline 
powder without an odour. It dissolves readily in water, is soluble 
in 95% alcohol, and is insoluble in ether and benzene. 

The drug is identified (a) by a reaction with bromine water with 
heating; first the solution turns brown, and then pale pink: 

(b) by a reaction with a solution of picric acid; a yellow pre- 
cipitate of triftazine picrate forms (a salt formed owing to the basic 
properties of the tertiary nitrogen). After being washed with alcohol 
and dried, the triftazine picrate precipitate has a decomposition 
temperature of 240-243 °C; 

(c) after isolation of the triftazine base with an alkali, the chloride 
ion in the filtrate is detected with a silver nitrate solution. 

The content of triftazine in the drug is determined like that of 
aminazine. 

Triftazine is one of the most active neuroleptic agents. It is em- 
ployed in psychiatry. It suppresses nausea and vomiting. It is pre- 
scribed for oral and intramuscular administration. It is dispensed 
in 0.001-, 0.005-, and 0.014-g powders and coated tablets, and in 
ampoules containing 1 ml of a 0.2% solution. 


21* 
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REVIEW QUESTIONS 


Pyrazole derivatives. 1. What is pyrazole from the chemical viewpoint? 

2. What are the properties of the hydrogen at the nitrogen in position 2 in 
pyrazole? 

3. Why can pyrazole be hydrogenated? 

4, Why can pyrazole derivatives be oxidized? 

5. Why are reactions of antipyrine (phenazone) with the common alkaloid 
reagents possible? 

6. What is the quantitative determination of antipyrine based on? 

7. For what purpose is sodium acetate added in the quantitative determina- 
tion of antipyrine? 

8. What chemical properties of antipyrine must be taken into consideration 
when preparing medicinal forms? 

9, What reaction do aqueous solutions of amidopyrine (aminophenazone) 
have and why? 

10. What properties underlie the reactions of identification of amidopyrine? 

141. What is the essence of the quantitative determination of amidopyrine? 

12. How can analgin (novaminsulphon) be distinguished from antipyrine 
(phenazone) and amidopyrine (aminophenazone): 

13. Compare the pharmacological action of antipyrine, amidopyrine, and 
analgin proceeding from the chemical structure of these substances. 

14, What are the chemical properties of butadion (phenylbutazone)? 

15. What are the acidic properties of butadion due to? 

16. What are the basic properties of butadion due to? 

17. Why is butadion readily oxidized? 

18. What properties of butadion are used in its quantitative determination? 

19. Why must butadion be protected from the action of light? 

Pyridine derivatives. 1. What is the nature of the nitrogen in the pyridine 
ring? 

2. Explain how cordiamin (nikethamide) and the diethylamide of nicotinic 
acid form complexes with copper salts. 

3. Howcan the presence of tertiary nitrogen in the pyridine ring be confirmed? 

Quinoline derivatives. 1. How can the formation of a coloured product 
be explained in the reaction of quinosol with iron(III) chloride? 

2. Why does chloroform have to be added in the quantitative determination 
of quinosol by neutralization? 

3. What properties of nitroxoline (5-NOK) is its quantitative determina- 
tion based on? 

Phenothiazine derivatives. 1. Why can the phenothiazine nucleus be consid- 
ered as a dibenzoderivative of thiazine? 

2. What explains the reactivity of phenothiazine? 

3. Why can the derivatives of phenothiazine enter into a reaction with the 
common alkaloid reagents? 

4. Why must care be taken when working with phenothiazine derivatives? 


PRACTICAL LESSON 


Analysis of a 30% Solution of Antipyrine (Phenazone) 


1. Perform an identification reaction: 

(a) to several drops of the drug solution add one drop of an iron(III) chloride 
solution; a red colour appears; 

(b) to several drops of the drug solution add one drop of a sodium nitrite 
solution and one drop of dilute sulphuric acid; an emerald green colour appears. 
Write the equations of the chemical reactions. 
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2. Conduct a quantitative determination (the iodimetric method). Transfer 
5 ml of a solution of the drug into a flask for titration, add 0.3 g of sodium 
acetate and 10 ml of a 0.1 N iodine solution (from a burette). In five minutes, add 
2 ml of chloroform to the mixture and agitate it until the precipitate dissolves 
completely. Titrate the excess iodine with a 0.1 N sodium thiosulphate solution 
until the colour disappears. Write the equations of the chemical reactions. 

3. The content of antipyrine in the solution in per cent is evaluated by 
formula (1.1) after introducing formula (1.4) into it: 


_ VWyK5—VK)T (40.00 * Ky>—VK) x 0.00944 
a 


: ) 
50 xX 106 


X < 100 = 


where V,) is the volume of the 0.1 N iodine solution, ml, V is the volume of the 
0.4 N sodium thiosulphate solution, ml, K, is the correction factor for the stan- 
dard iodine solution, K is the same for the standard sodium thiosulphate solu- 
tion, T = 0.009 44 g/ml, and a is the volume of the drug taken for the deter- 
mination, ml. 

4. Arrive at a conclusion on the content of antipyrine in the solution. 

D. Are other methods possible for the quantitative determination of anti- 
pyrine: 


Analysis of Amidopyrine (Aminophenazone) 


1. Dissolve 0.05 g of the drug in 5 ml of water and perform two identification 
reactions: 

(a) to 2 mi of the solution add two or three drops of an iron(JII) chloride 
solution; a blue colour appears that rapidly vanishes, and then a brown curdy 
precipitate forms. After the mixture is acidified with hydrochloric acid, a blue- 
violet colour appears; 

(b) to 1 ml of the solution add one or two drops of a silver nitrate solution; 
a blue-violet colour appears, and then a gray precipitate. 

Write the equations of the chemical reactions. 

2, Conduct a quantitative determination (by neutralization). Dissolve 
a sample weighing 0.05 g in 5 ml of hot water, cool it, add two drops of methyl 
orange and one drop of methylene blue, and titrate with a 0.1 N hydrochloric 
acid solution until the colour turns violet. Write the equation of the chemical 
reaction. 

3. Calculate the content of amidopyrine in the preparation in per cent by 
formula (1.1): 


xy VAT x 400 = VK X0.0231 


$$ 100 
a O05 * Le 


where V is the volume of the 0.4 N hydrochloric acid solution, ml, 7 = 
0.0231 g/ml, and a is the mass of the sample taken for the determination, g. 
The State Pharmacopoeia requires that the content be at least 99.0%. 
4 Compare the result with the official requirements and make the relevant 
conclusion. 


Analysis of Analgin (Novaminsulphon) 


1. Dissolve 0.05 g of the drug in 2 ml of water and perform two identification 
reactions: 

(a) to several drops of the solution add one or two drops of dilute hydrochlo- 
ric acid and one drop of an iron(II) chloride solution; a blue colour appears that 
turns red, and then the colour disappears; 
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(b) when the remaining part of the solution is heated with 1 ml of dilute 
hydrochloric acid, a smell of sulphur dioxide is felt, and then of formaldehyde. 
Write the equations of the chemical reactions. 
2. Conduct a quantitative determination (by the iodimetric method). 
Put a sample of the drug with a mass of 0.05 g into a flask for titration, 
dissolve it in 5 ml of water, add 1 ml of a0.1 N solution of hydrochloric acid and 
titrate drop by drop with a 0.1 N iodine solution. After adding each drop, agitate 
until a pink colour appears. Write the equations of the chemical reactions. 
3. Calculate the content of analgin in the drug in per cent by formula (1.1): 
VK VK x 0.016 67 


X =——— x 100 =e 100 


where V is the volume of the 0.1 N iodine solution, ml, 7 = 0.016 67 ¢/ml, 
and a is the mass of the drug sample, g. 

The State Pharmacopoeia requires that the analgin content be at least 
99.0% and at most 101.0%. 

4, Compare the result with the official requirements and make the relevant 
conclusion. | 

5. Proceeding from the chemical properties of analgin, propose other possi- 
ble methods for the quantitative determination of it. 


IV. Natural Biologically 
Active Compounds 


Chapter 28. Alkaloids 


Alkaloids are substances mostly of plant and rarely of animal origin. 
They are specific products of metabolism mainly of a plant cell, 
although recently a number of alkaloids have been isolated from 
microorganisms, insects, and animals. 

The discovery of alkaloids and their use in medicine as drugs re- 
lates to the beginning of the 19th century, when the structure of mor- 
phine, atropine, caffeine, and quinine was established. At present, 
the number of known alkaloids is approaching 10 000, but more 
and more new representatives of this class of compounds are con- 
tinuing to be discovered. And although from the time of discovery 
of the first alkaloids over 150 years have elapsed, the interest in 
them has not weakened to date. The explanation is that alkaloids 
have a high physiological activity and have found the most diverse 
applications in medicine, veterinary practice, the food industry, and 
agriculture. 

In medicine, alkaloids are successfully used as drugs in the treat- 
ment of cardiovascular, nervous, alimentary tract, and many other 
diseases. It is known at present that some alkaloids are employed 
in the treatment of malignant neoplasms. 

The value of alkaloids also consists in that their preparations 
have a rapid action, which is especially important in cardiovascular 
diseases and spastic phenomena. Moreover, they have no cumulative 
properties. The importance of alkaloids for the life of mankind was 
determined very concisely and figuratively by the Russian scientist 
EK. Shatsky: “Alkaloids have the same significance for medicine as 
the discovery of iron for the world’s progress.” 

Plants generally contain a mixture of alkaloids with a similar 
chemical structure in the form of salts of organic acids, most fre- 
quently of malic, citric, and oxalic acids. Some alkaloids are found 
in a plant in the form of salts of specific acids. For example, the 
alkaloids of cinchona bark are in the form of salts of quinic acid, 


while morphine and its companions are in the form of salts of meconic 
acid. 
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The alkaloid content in a plant is very low. In most cases, it is 
tenths of a per cent, and only very rarely does the content of all 
the alkaloids reach 10-15% (the alkaloids of opium). 

The priority in the discovery of many alkaloids belongs to Russian 
scientists. A. Voskresensky discovered the alkaloid theobromine in 
cocoa seeds. F. Gizé made the assumption that cinchona bark con- 
tains cinchonine, which was later established to be quinine. 

We must not fail to mention the outstanding Russian chemist, Aca- 
demician A. Orekhov, who was the first in 1928 to start studying the 
country’s plants for their alkaloid 
content. 

The works of Orekhov and his 
school in alkaloid chemistry made 
the USSR the leading country in 
the world in this field, therefore 
Orekhov is by right considered to 
be the founder of the chemistry 
of alkaloids in the USSR. 

The first alkaloid discovered in 
the USSR, anabasine, was isolated 
from the Central Asian plant Ana- 
basis aphylla. 

The studying of alkaloid-bearing 
plants resulted in the creation 
of the drug securinine having an 
action like that of strychnine. 
A major achievement in the last 
few decades was the complete 
chemical synthesis of such complex alkaloids as morphine, strychnine, 
reserpine, and emetine. 

As regards their physical properties, almost all the alkaloids are 
solid crystalline colourless and odourless substances with a bitter 
taste. The overwhelming majority of them are optically active. 

From the chemical standpoint, the alkaloids are organic sub- 
stances of a basic nature because their molecules always contain 
nitrogen. The alkaloids are chiefly tertiary amines, and only some 
of them are secondary amines or derivatives of tetrasubstituted 
ammonium bases. Alkaloids can be considered as ammonia deriv- 
atives in which the hydrogen atoms have been replaced by radicals. 
Like ammonia, the alkaloids produce salts with acids (of the type 
of ammonium salts). In addition to nitrogen, alkaloids sometimes 
contain oxygen in their molecule. The latter may bein the form of 
the alcohol or phenol hydroxyl group, a carbonyl, ether, or ester group. 

The alkaloids have the most varied chemical structure. They can 
be compounds with one or more carbocyclic, heterocyclic, and open 
carbon chains. 
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Classification. A chemical classification has been adopted for 
alkaloids that is based on the nature of the carbon-nitrogen nucleus 
of the alkaloid molecule, for example: 

(1) pyridine and piperidine derivatives (lobeline and its com- 


panions): 
Cc) 


(2) tropane derivatives (atropine, hyoscyamine, scopolamine, 
cocaine): 


N 
Fi 


H,C—CH—— CH, 
\ CH Scr 
a Y 2 
H,C—CH CH, 


(3) quinoline derivatives (quinine, quinidine, cinchonine): 
S 
Me 
(4) isoquinoline derivatives (opium alkaloids): 
SS 
ZN 
(0) indole derivatives (physostigmine, strychnine, reserpine): 
H 


(6) imidazole derivatives (pilocarpine): 


HI LN 


(7) purine derivatives (caffeine, theobromine, theophylline): 


ZA 
A a 
—Crx A 


Detection reactions. Alkaloids are detected with the aid of group 
reactions typical of a whole group of alkaloids, and specific reactions 
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for an individual alkaloid due to its chemical properties and struc- 
ture and the presence of functional groups. 

The group reactions are based on the ability of the alkaloids to 
yield simple or complex salts with various acids, heavy metal 
salts, complex iodides, and other substances. The products of the 
reactions of these reagents with alkaloids are generally insoluble 
in water, therefore these reactions are called precipitation reactions, 
and the reagents—precipitants. 

Among the group alkaloid precipitants, the following are used 
most frequently: 

(1) a solution of iodine in potassium iodide (Bouchardat's, 
Wagner's, or Lugol’s reagent): 


I,-K] —_> KI, 


With acidified aqueous solutions of alkaloid salts, it yields brown 
precipitates. Bouchardat’s, Wagner’s, and Lugol’s reagents differ 
only in the concentration of the iodine and potassium iodide; 

(2) a solution of mercury iodide in potassium iodide (Mayer’s 
reagent): 

HgI,-2KI — K,[Hegl,] 


With most acidified or neutral alkaloid solutions, it yields white 
or slightly yellowish precipitates; it precipitates almost all the 
alkaloids except for caffeine and colchicine; 

(3) a solution of bismuth iodide in potassium iodide (Dragen- 
dorfi’s reagent): 

Bil,-KI > K[{Bil,] 


With solutions of alkaloid sulphates and chlorides, it yields 
orange-red or reddish-brown amorphous and more rarely crystalline 
precipitates; 

(4) phosphomolybdic acid (Sonnenschein’s reagent): 

H,P0,-12M00,-2H,O 


This reagent is one of the most sensitive for alkaloids; it produces 
yellowish amorphous precipitates that after some time acquire a 
blue and green colour because of the reduction of the molybdic 
acid; 

(9) phosphotungstic acid (Scheibler’s reagent): 

H,P0,-12W003-2H,O 


The reagent forms amorphous white precipitates with almost all 
the alkaloids; 

(6) a freshly prepared 10% aqueous tannin solution with a 10% 
alcohol solution. It forms white or yellow precipitates with alkaloid 
salts in a neutral and weakly acidic medium: 

(7) picric acid (a 1% aqueous solution). It precipitates yellow 
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let 2k be the number of nodes of odd degree in ¢. Then the number £ of different 
decompositions of ¢ into k edge-disjoint paths is given by 


p= in fi", (5.14) 


where f (2i— 1) =f (21) =1°3+5+--+:(2i-1). 


Proof. For a set R, let «(R) denote the number of its elements. Let S,, 
u=1, 2,...,, be the set consisting of all the edges of ¢ incident at the node uw. 
Partition the elements of S,, into a set R, of disjoint subsets 7,, with the follow- 
ing property: Let R, = {r,,.}. If «(S,) is even, then a(r,,)=2 for all x; and if 
a(S.) is odd, then a(r,,)=1 and a(r,,)=2 for x22. It is not difficult to see 
that if the node u is of degree i then there are f (i) different partitions of the 
elements of S, into R,,. 

Consider a system #={R,, R,,..., R,} of partitions with the above property. 
In the following, we shall show that for each choice of & there corresponds a 
unique decomposition of t into & edge-disjoint paths, and vice versa. The dis- 
section process amounts to repeatedly generating a path according to &@ and 
then removing it. The rules for generating a path according to & are outlined as 
follows: 

(1) We start at a node w of odd degree and then proceed along the edge con- 
tained in r,,, of R,,. 

(2) If we arrive at an edge (u, v) in r,, of R,, then for x#1 we proceed along 
the other edge contained in r,,, and for x=1 a path Is constructed. 

It is evident that the above procedure will decompose ¢ into k edge-disjoint 
paths. Conversely, to each decomposition there corresponds a system of parti- 
tions with the above property. It follows that the number 8 of different decom- 
positions is equal to the number of different systems #& with the required property. 
Thus, we have 


n" n—1 
B= TI f(4(x) = TT so". (5.15) 
which completes the proof of the theorem. 


As an illustration, consider the tree ¢ as shown in fig. 5.2. We have n, =4, 
no =4, n,=2, and n,=0 for i=4, 5,..., 9. Since there are six nodes of odd degree 
in t, i.e., k=3, it follows that any decomposition of t into edge-disjcint paths 
contains at least 3 paths, and in fact there are 


B = (1)" (1)* (3)° =9 
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different decompositions possible for t. They are given by 


{€,€, C340 5€ag, €6€7€geo}; {€,€2, C306 C7 RCo, €5€4}, {é;, C7203, 5Ca, C6€7€ glo} ; 
{€1, €2€3€5€7€ Reg, Esa}, {€2, C1€3€s€4, Cg lzeglo}, (C2, Cys 6 7€ge0, e5€4}, 


{e1€3, C2; C40 5€ 5 7€ ge 0}, {e2€3, C1, C4€5€gl7€Reo}, {é3; €12, C4 5€6€7€glg} ° 


§ 4. The Wang-algebra formulation 


In many engineering applications of graph theory, it is necessary that we 
list all the trees and cotrees of a graph. For example, the topological formulas 
for network functions are stated in terms of tree or cotree products. Thus, 
the efficiency with which a complex linear system can be analyzed by a digital 
computer using topological formulas as a tool depends largely upon the 
efficiency with which the trees or cotrees of the associated graph are gener- 
ated. 

The simplest way to generate trees of an n-node connected graph is to éxamine 
ali possible combinations of n—1 edges. If 5 is the total number of its edges, 
we must examine (,”,) sets. For a moderately large graph, the number of these 
sets is too large even for a high-speed digital computer. For example, for a graph 
with 20 nodes and 40 edges the number of such sets to be examined is 
137 846 528 820. 

The main difficulties in generating trees by direct approach lie in the fact 
that the number of operations increases exponentially with the number of nodes. 
What is needed is a method of generating all trees which requires that the 
number of operations vary approximately linearly with the number of nodes 
of the graph, and which does not need to check every new generated tree 
against all the previously found ones in order to eliminate duplications, because 
the exhaustive checking procedure is an extremely time-consuming process as 
the number of trees, as the above example shows, could be in the -millions. 
Apart from slowing down the process, this fact also limits the sizes of the 
systems that can be analyzed by a digital computer, since one must retain the 
set of all trees in computer memory and check each new tree against the list 
for possible duplications. | 

In this section, we shall demonstrate the intimate relationships among trees, 
cotrees, multi-trees, multi-cotrees, circuits, paths, and cuts, and then show how 
these relationships can be used to generate trees and cotrees. The entire section 
is based on the recent work of CHEN and MARK [1969], BERGER and NATHAN 
[1968], and CHEN [1969d-h, 1971c]. 
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At present, acid-base titration in non-aqueous media has been 
adopted as the official method for the quantitative determination 
of alkaloids, both bases and salts. Alkaloid preparations are more 
frequently used in medicine in the form of salts of the hydrohalic 
acids (HCl, HBr, HI): 


R. if 
( SN —R Hat 
rR’ H 


They are determined according to the base, and not the acid 
residue. In this case, glacial or anhydrous acetic acid is used as the 
non-aqueous solvent, perchloric acid as the titrant, and crystal 
violet as the indicator. 

To eliminate the influence of the halide ion on the titration process, 
mercury(II) acetate Hg(CH,COQ), is added. It transforms the halide 
ion into a virtually non-dissociating compound mercury(II) halide 
Heg(Hal),. The non-aqueous titration of the alkaloid salt proceeds 
according to the reaction: 


CH,COOH 


R, \ 
2| N—R Cl + Hg(CH,COQ), + 2HCLO, ————————+ 
ROH anhydrous 


Rp” 
—— 2( Sho + HgCl. + 2CH,;COOH 
R 


Some alkaloids can be determined quantitatively by precipitation 
using a variety of precipitants such as silver nitrate and iodine. For 
example, before the method of non-aqueous titration was included 
in the State Pharmacopoeia, caffeine was determined iodimetrically. 
It was precipitated by an iodine solution in the form of a periodide 
insoluble in water; the excess iodine was titrated with sodium thio- 
sulphate. This method is recommended by the State Pharmacopoeia 
for the quantitative determination of caffeine salts, for example of 
sodium caffeine benzoate. 

Lately, physicochemical methods of determining alkaloids (photo- 
metric, chromatographic, etc.) have been introduced. 


28.1. TROPANE DERIVATIVES 


The parent of this alkaloid group is tropane. It is a bicyclic system 
consisting of two heterocyclic rings, namely, a five-membered pyrro- 
lidine ring (I) and a six-membered piperidine ring (II): 
ios rh NS 

N-CH, H, 

i, WA 


H,C— CH CH, 


334 Natural Biologically Active Compounds 


The main representatives of the tropane alkaloids are racemic 
atropine and its levorotatory isomer hyoscyamine, scopolamine, 
cocaine and its companions—truxillines and cinnamylcocaine. 

Atropine. Atropine and its levorotatory isomer hyoscyamine are 
found in plants of the nightshade (Solanaceae) family, namely, deadly 
nightshade (belladonna), datura, henbane, and various species of 
duboisin. But these plants contain only traces of atropine. The main 
form in which an alkaloid appears in plants is hyoscyamine. 

Atropine is formed from hyoscyamine in the process of separating 
alkaloids from plants: a water extract from the leaves and roots 
of deadly nightshade freed of ballast substances is treated with 
soda or a nitric acid solution. Bases of the alkaloids precipitate and 
are extracted with chloroform. The obtained extract of alkaloid bases 
is evaporated at 114-116 °C. Under these conditions, the levorotatory 
hyoscyamine transforms into the racemate—atropine. 

Hyoscyamine and atropine have the same chemical structure and 
are esters of tropine (an alcohol) and tropic acid: 


H,C——CH CH, /eMn08 
NC ree tes . 
N—CH CHO;H + HO:!0C—CH -H,0 

H,C—CH CH, 

Aminoalcohol tropine 

Tropic acid 
: \ \ | x/ 
— N—CH, CH—O—C—CH 
H.C —CH CH, 


Atropine, hyascyamine 


The optical activity of the alkaloid is due to the asymmetric 
carbon atom of the tropic acid, which produces two optical isomers 
(d and 1) and a racemate (dl). 

Atropine is formed by the racemic (inactive) tropic acid, and hyo- 
scyamine by its levorotatory isomer. The structure of the atropine 
molecule was established in 1901, and only 16 years later was it 
synthesized, which confirmed its structure. The presence of tertiary 
nitrogen in the atropine molecule explains its basic properties. As a 
base, it reacts with acids to form soluble salts. 

Atropine sulphate is a pharmacopoeial preparation. 
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Atropine Sulphate (Atropint sulfas) 


d,l-Tropic acid tropine ester sulphate 


CH,OH 
Hacer ne 
DN-CH, Scx—o—e—c< H,SO, 
H,C—CH——-CH," O 2 
(Cy ,H,3NO3).° H,SO,-H,0 M.m. 694.8 


Atropine sulphate is a white crystalline or granular powder with- 
out an odour. It dissolves readily in water and alcohol, and does not 
dissolve in chloroform and ether. The drug is identified by: 

(a) the formation of a white precipitate when a barium chloride 
solution is added; the precipitate does not dissolve in acids and 
alkalies (SO%*); 

(b) Vitali’s reaction (for tropic acid); atropine is heated with 
concentrated nitric acid and is evaporated; a yellow polynitro com- 
pound forms; when an alcohol solution of an alkali (KOH) is added, 
a violet colour appears: 


HOOC—CH—CH;0H HOOC—CH—CH;0OH 
O.N . NO 
HNO, ° ; C.H,OH 
. t° KOH 
~Q—-N=O 
+> 
Yellow 
O.N NO; 
~O—N—OK 
+ 
Violet 


(c) the melting point (115-117 °C) of the atropine base after its 
precipitation by an ammonia solution and drying. These reactions 
are official. 

Atropine gives precipitation reactions with group [alkaloid re- 
agents, the most specific of which is picric acid with which atropine 
forms yellow picrates. This reaction is used in the quantitative 
determination of an atropine solution: (Solutio Atropini sulfatis 
0.1% pro injectionibus) by the photocolorimetric method. 

The quality of the drug is determined by establishing the acidity 
limit because there may be an excess acidity when producing atropine 
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sulphate. An admixture of apo-atropine (atropine anhydride) may be 
present in atropine if the temperature regime was violated in the 
extraction of the alkaloids from the plants (above 116 °C). To detect 
this admixture, a nitric acid solution is added; the apo-atropine does 
not dissolve in it and precipitates. Since the State Pharmacopoeia 
does not tolerate this admixture in the drug, no turbidity should 
appear immediately after a nitric acid solution is added to a solution 
of the drug. 

The drug may contain various organic impurities that are detected 
by the action of concentrated sulphuric acid: resinification occurs 
owing to which the solution becomes brown. 

The official method for determining the content of atropine sul- 
phate is acid-base titration in non-aqueous media. Glacial acetic 
acid is the non-aqueous solvent. A weighed sample of the drug is 
titrated with perchloric acid using a crystal violet indicator up to 
a green colour of the solution. 

Atropine in its pharmacological action is a cholinolytic agent, 
simultaneously exhibiting a spasmolytic effect. Atropine also has a 
mydriatic effect, i.e. can cause dilatation of the pupil. This property 
of atropine is widely used by ophthalmologists for studying the 
eye fundus. Atropine sulphate is prescribed orally and locally in the 
form of eye drops. 

It is dispensed in a powder and in ampoules containing 1 ml of 
a 0.1% solution. It is listed in Group A. 

A drug with a similar pharmacological action is scopolamine 
employed in medicine in the form of its salt with hydrobromic acid. 
It is a pharmacopoeial drug. 


Scopolamine Hydrobromide 
(Scopolamini hydrobromidum ) 


HC—CH CH: GHL0R 
of SN—CH. ScH-O—C—CH: HBr-3H;0 
M—¢h CH, O 
C,,H.,NO,-HBr-3H,O M.m. 438.3 


Scopolamine hydrobromide forms colourless transparent crystals 
readily soluble in water, alcohol, and poorly in organic solvents. 

The chemical structure of a scopolamine hydrobromide molecule, 
unlike that of atropine sulphate, includes the alcohol scopine, which 
is esterified by the same tropic acid. Consequently, the analysis of 
scopolamine is similar to that of atropine (Vitali’s reaction, a reac- 
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tion with the group alkaloid reagents) and differs from it because 
Br- is present instead of SO7. 

The bromide ion is detected either with a silver nitrate solution, 
or by oxidation to elementary bromine, which colours chloroform 
yellow. 

The presence of the drug and its purity can be determined by its 
melting point (192-196 °C) and specific rotation from —22° to —26° 
(a 5% aqueous solution prepared from the dried drug). 

The admixtures in the drug are the same as in atropine (the acidity 
limit, the presence of apo-atropine, apo-scopolamine, and reducing 
substances are determined). 

The content of the drug is determined by acid-base titration in 
non-aqueous media (State Pharmacopoeia). 

scopolamine has the same pharmacological action as atropine. 
It also relates to cholinolytic agents and like atropine causes dila- 
tation of the pupil. But its mydriatic effect is shorter. Scopolamine 
has a considerably more pronounced action on the central nervous 
system. It is employed as a tranquilizer and soporific in frequent 
insomnia and in psychiatry. 

It is dispensed in powders and in ampoules containing 1 ml of 
a 0.09% solution. 


It should be stored in well closed orange glass jars. It is listed in 
Group A. 


28.2. QUINOLINE DERIVATIVES 


Ot the natural compounds that are quinoline derivatives, the 
alkaloid quinine and its numerous companions are of the greatest 
practical value. This group of natural alkaloids is encountered in 
various species of the madder family Rubiaceae, and chiefly in the 
two genuses Cinchona and Remijia. 

Over 300 years ago, cinchona bark was used to treat tropical fever. 
There are many stories and legends on the discovery by Europeans of 
the healing effect of cinchona bark. The cinchona is a native of 
South America. 

Attempts were made in the USSR to cultivate various species of 
cinchona first in the Far East, and then on the Black Sea shore of 
the Caucasus. But these attempts were not successful. 

Cinchona bark contains over 20 alkaloids, of which four are the 
most significant, namely, quinine, quinidine, cinchonine, and cin- 
chonidine, the main one of which is quinine. All these alkaloids 
are present in cinchona bark in the form of salts of quinic acid: 


OH 
HOOC 


OH 


HO 
OH 


22—01542 
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The alkaloid content in cinchona bark fluctuates from 2 to 15%. 
Although cinchona bark was known in Europe as an antipyretic 
back in the 17th century, its active substance—quinine was first 
isolated only in 1816 by professor F. Gizé of the Kharkov University. 
In 1820, the French pharmacists P. Pelletier and J. Caventou sepa- 
rated quinine together with cinchonine in the pure crystalline form. 

The structure of a quinine molecule is based on a nucleus of 6- 
methoxyquinoline that is bound by its secondary alcohol group to 
a quinuclidine nucleus, which is a condensed system of two piper- 


idine rings: 
(Onan 


H,CO ~ 


Quinine ( base) 


The other closest analogues of quinine (quinidine, cinchonine, and 
cinchonidine) differ from it only in the nature of the substituent in 
position 6 of the quinoline nucleus (C,) and also in optical isomer- 
ism}; quinine and quinidine have a methoxy group —OCH, in position 
6 of the quinoline nucleus, whereas the other two alkaloids do not 
have this group. 

Quinine and cinchonidine are levorotatory alkaloids, while quin- 
idine and cinchonine are dextrorotatory ones. Containing two ter- 
tiary nitrogen atoms in their molecule, quinine and its homologues 
have basic properties, these properties being more pronounced in 
the nitrogen of the quinuclidine ring. Consequently, salts form first 
of all owing to this nitrogen. Thus, being a ditertiary diacid base, 
quinine forms two kinds of salts, namely, acidic (both nitrogens are 
neutralized) and neutral ones (only one nitrogen is neutralized). 


Quinine Hydrochloride (Chinint hydrochloridum) 
(C.oH»,N,0,)* HCl-2H,0 M.m. 396.92 


Quinine ,Dihydrochloride (Chinini dihydrochloridum) 
(CooH.4N2O02)-2HCI M.m. 397.35 
Quinine Sulphate (Chinini sulfas) 
(C,9H,,N,0,)-H,SO,-2H,O M.m. 458.52 


These salts differ from one another in their physical properties, 
namely, their solubility, melting point, angle of rotation, and 
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amount of crystallization water. Of the quinine salts, the dihydro- 
chloride dissolves the best in water, while quinine sulphate dissolves 
sparingly. In their appearance, the above quinine salts are colour- 
less lustrous acicular crystals (quinine hydrochloride, quinine 
sulphate), colourless crystals (quinine dihydrochloride), or white 
crystalline powders. They have no odour and a very bitter taste. 

Unlike the other salts. the sulphates produce a light blue fluores- 
cence. Salts of quinine with oxygen-containing acids (for example, 
quinine sulphate) when heated readily isomerize to quinotoxin— 
a secondary base of a ketone nature: 


Cua 
O=C—H,C N 
H,CO 

N~ 


Quinotoxin is very toxic. To prevent its formation, quinine salts 
must never be sterilized with oxygen-containing acids. In this respect, 
hydrochlorides have an advantage over sulphates because they can 
easily be sterilized when heated without decomposition. 

Quinine salts are identified by: 

(a) a reaction for the acid anion (SO%, Cl-) forming a salt with 
the quinine base (a reaction distinguishing quinine salts); | 

(b) the formation of thalleoquin having an emerald green colour; 
this reaction is a group one and specific for salts of quinine and its 
derivatives having a methoxy group —OCH, in position 6 of the 
quinoline nucleus. The preparation is oxidized with bromine water, 
and then an ammonia solution is added drop by drop; an emerald 
green colour appears, i.e. thalleoquin forms: 


“Ona CH—CH, 
HO-CH N Oo. HO-CH N Br Br 


H,CO ~ Br, 9 ~ 2NH.OH 
Nia z 
OOo be 
HO-CHNy~ OH OH 
_, FN \ 
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The content of quinine preparations is determined from the mass 
of the base after its precipitation with sodium hydroxide. 

The salts are dispensed in powders and tablets, quinine dihydro- 
chloride—in ampoules containing 2 ml] of a 50% solution. 

The drugs are employed to treat malaria. They should be stored 
in a well closed container protected from the action of light. 


28.3. ISOQUINOLINE DERIVATIVES 


The isoquinoline heterocycle is contained in the structure of many 
plant alkaloids used in medicine, of which alkaloids that are deriv- 
atives of benzylisoquinoline (I) and phenanthreneisoquinoline (I1) 
present the greatest interest: 


“SS 
ZN Ss 
<a ee 
N-——CH, 


I il 


BENZYLISOQUINOLINE DERIVATIVES 


This group of alkaloids includes papaverine and narcotine (noscap- 
ine) produced from opium. The pharmacopoeia! preparation of 
papaverine is its salt—papaverine hydrochloride. 


Papaverine Hydrochloride 
(Papaverint hydrochloridum) 


I-(3 ,4-Dimethorybenzyl)-6,7-dimethoxyisoquinoline hydrochloride 
H,CO 


H,CO 


C,,H.,NO,-HCI M.m. 375.86 
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The natural source of the alkaloid papaverine is opium—a dried 
or partly dried latex obtained from unripe capsules of the opium 
poppy Papaver somniferum (family Papaveraceae). 

Papaverine was isolated from opium very long ago—back in 
1884. Later its structural formula was established, which was con- 
firmed by synthesis carried out in 1910. During subsequent years, 
various modifications and improvements were introduced into the 
synthesis of papaverine to achieve the most rational and economi- 
cally profitable commercial way of producing this alkaloid. At pre- 
sent papaverine is produced synthetically. 

Papaverine hydrochloride is a white crystalline powder with a 
slightly bitter taste. It dissolves slowly in water, sparingly in alco- 
hol, and is soluble in chloroform. Papaverine is a weak monoacidic 
base. Its salts readily hydrolyze. 

Most reactions identifying papaverine are based on the oxidation 
of the methoxy groups in its molecule. Depending on the oxidizing 
agent, the oxidation products have various colours. For example, 
when the drug is reacted with concentrated nitric acid, a yellow 
colour appears that turns orange when heated in a water bath. When 
reacted with concentrated sulphuric acid, the oxidation products 
are coloured violet (State Pharmacopoeia). A reaction with bromine 
water forms a yellow precipitate, and with Marchi’s reagent (form- 
aldehyde + concentrated sulphuric acid) forms a red colour trans- 
forming to yellow, and then to bright orange. 

In addition to the above identification reactions, the State Pharma- 
copoeia recommends determination of the melting point of the 
papaverine base recovered from the salt with sodium acetate. It 
should be 145-147 °C. The chloride ion is detected in the filtrate. 

The content of the drug is determined by acid-base titration in 
non-aqueous media similar to the other halide salts of alkaloids. 

Papaverine is characterized by a high spasmolytic activity. It 
relaxes the smooth muscles, which is of major importance in surgical 
operations. It is administered orally and subcutaneously in the form 
of 1-2% solutions. 

Jt is dispensed in 0.02-g powders and tablets. 

The drug should be stored in well closed containers protected 
from the action of light. It is listed in Group B. 


PHENANTHRENEISOQUINOLINE DERIVATIVES 


The main alkaloids of this group are morphine and codeine, which 
together with their numerous companions are contained in opium 
produced from the opium poppy Papaver Somniferum. The alkaloids 
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are contained in the opium in the form of salts of meconic acid: 


40 COOH 
ox Oo 
COOH 


Opium has a very complex composition. In addition to 25 alkaloids, 
it contains carbohydrates, proteins, resins, fats, rubber-like sub- 
stances and others forming the main mass of opium (75%). This is 
why the separation and purification of the alkaloids from all these 
accompanying impurities were a very involved process substantially 
affecting the cost of production of the alkaloids. 

In this connection, searches were undertaken to find a cheaper 
raw material for the production of the opium alkaloids. This task 
was coped with successfully by a group of Soviet scientists (A. Ban- 
kovsky et al). Their attention was attracted to the oil-bearing poppy 
cultivated in large amounts in the USSR to produce poppy oil. The 
latter is employed not only as a food product, but also for pharma- 
ceutical purposes, and for manufacturing the highest grades of soap. 

These studies revealed that the capsules (heads) of oil-bearing 
poppy contain on an average from 0.5 to 0.8% of morphine, al- 
though tonnes of these capsules after removal of the seeds for oil 
production were discarded as production wastes. 

Hence, a very cheap and economically profitable source of mor- 
phine was found, and to date the production of morphine from the 
opium produced from oil-bearing poppy capsules has been organized 
in the USSR and other countries. 


Morphine Hydrochloride 
(Morphint hydrochloridum) 


S N—CH,: HCL -3H.0 
HO 


C,7H,>NQ3: HCl-3H,O | M.m. 375.85 

Morphine as a drug that strongly alleviates pain has been serving 
medicine more than one-and-a-half centuries. Morphine was the 
first alkaloid to be discovered. It was exactly what inaugurated the 
era of the further discovery of the alkaloids as a large independent 
class of natural organic compounds. 
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Morphine was first isolated from opium in 1804 by the French 
pharmacist A. Seguin, and later in 1806 F. Serturner isolated it in 
the pure crystalline form and described it as a base. This circum- 
stance altered the previously existing view that plants contain only 
an acidic or neutral substances. In over 100 years after the discovery 
of morphine, its structural formula was established, which was then 
confirmed by synthesis having only a theoretical significance. Many 
eminent chemists (L. Knorr, A. Freund, H: Vongerichten, later 
R. Robinson and others) worked on the establishment of morphine’s 
structure. 

The basis of the complicated structure of morphine is morphinan. 
Morphine is its epoxy derivative: 


Morphinan Morphine 


The presence of characteristic functional groups in a morphine 
molecule (the phenol hydroxyl group in ring a and the secondary 
alcohol group in ring b) underlies the formation of numerous deriv- 
atives used as medicaments. The most important of them: are the 
esters of morphine formed via the phenol hydroxyl group (the drugs 
codeine and ethylmorphine hydrochloride). Another morphine deriv- 
ative employed in medicine is apomorphine. It is produced by heat- 
ing morphine, which loses two water molecules. 

Having an N-methyl group in its molecule (tertiary nitrogen), 
morphine is a quite strong tertiary base capable of yielding salts 
with acids. 

Morphine hydrochloride is employed in medicine. It forms white 
acicular crystals or a white crystalline powder that becomes slightly 
yellow in storage. Morphine hydrochloride dissolves slowly in water, 
sparingly in alcohol, and is practically insoluble in chloroform and 
etner. 

The identification reactions of the drug are based on its chemical] 
properties and functional groups. The presence of a phenol hydroxyl 
group in the molecule is confirmed by: 

(a) a reaction with Marchi’s reagent (formaldehyde + sulphuric 
acid); a purple colour appears that rapidly transforms to blue-violet 
(a distinction from codeine); 
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(b) precipitating the morphine base with an ammonia solution 
and then dissolving it in an excess of an alkali (NaOH): 


NaQH 


Sodium morphinate 


The above official reactions for the phenol hydroxyl group can 
be augmented by others, namely: 

a reaction with an iron(III) chloride solution; a blue-violet colour 
appears; 

a coupling reaction with diazonium salts in an alkaline medium 
(the formation of an azo dye): 


+ 
(NseN— Y—sogh) ci7 
NL a al 


NH ,OH 


nn \—so3H 


+ NH4gCl+H»O 
‘N—CH3 


Azo dye 


Morphine forms precipitates of various colours with the group 
alkaloid reagents. The most sensitive reaction is that with a solution 
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of ammonium molybdate in the presence of concentrated sulphuric 
acid (a violet colour turning blue, when allowed to stand the colour 
turns green). This reaction is indicated by the State Pharmacopoeia 
as an identification one. 

The content of the drug is determined by acid-base titration in 
non-aqueous media (State Pharmacopoeia). 

Morphine is administered as a strong pain-alleviating agent during 
the postoperative period to patients suffering from malignant tumours. 
and other severe diseases attended by great pain. Morphine causes a. 
pleasant feeling and drousiness (a euphoric state). The repeated 
taking of morphine causes drug addiction. This is a major short- 
coming of the drug. 

It is taken orally and more often subcutaneously. It is dispensed 
in powders and ampoules containing 1 or 10 ml of 1% and 5% 
solutions. 

It should be stored in a locked cupboard in well closed orange- 
glass jars in a place protected from light. It is listed in Group A. 


Apomorphine Hydrochloride 
( Apormor phint hydrochloridum) 


HO 
HO 
S N—CH3" HCl 3/44H,O 


C,,H,,NO,-HCl- + H,0 M.m. 317.30: 


The drug is produced from morphine by heating it with hydro- 
chloric acid: 
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Apomorphine hydrochloride is a white slightly grayish or slightly 
yellowish crystalline powder. It dissolves with difficulty in water 
and alcohol, and is insoluble in ether and chloroform. 

Apomorphine contains two phenol hydroxyl groups and exhibits 
a much greater tendency of oxidation than morphine. Its reducing 
properties are therefore more pronounced. As a result of oxidation 
in air and in light, the drug turns green, and its activity disappears. 

When oxidizing agents react with apomorphine, oxidation prod- 
ucts form that have various colours, which is used to identify the. 
drug. 

When the latter is reacted with an iodine solution in the presence 
of sodium hydrogen carbonate and the reaction mixture is agitated 
with ether, the ether layer turns red-violet, while the water layer 
turns green. When the drug is reacted with a nitric acid solution, 
the oxidation products turn blood-red. 

The specific rotation of apomorphine (from —46° to —53°) can be 
used to identify the drug and check its purity. 

The content of apomorphine in the drug is determined by acid- 
base titration in non-aqueous media. 

Apomorphine is administered as an emetic and expectorant in 
poisoning. It is prescribed orally and subcutaneously, and is dis- 
pensed in powders. Since it is readily oxidized, its solutions are 
prepared ex tempore. 

It should be stored in a locked cupboard in well closed orange 
glass jars. It is listed in Group A. 

Morphine ethers. Of the morphine ethers formed via the phenol 
hydroxyl group, widespread application in medicine has been found 
by the methyl! ether (codeine) and ethyl ether (ethylmorphine hydro- 
chloride—dionine). The former (codeine) is one of the alkaloids of 
opium, while the latter is a synthetic drug. 

The pharmacopoeial drugs of the morphine ethers are codeine, 
codeine phosphate, and ethylmorphine hydrochloride. 


Codeine (Codeinum) 


C,,H,,NO3-H,O M.m. 317.39 

Codeine is produced for medical purposes from morphine by its 
methylation, using a semisynthetic process. There are various 
variants of methylating morphine differing in the methylating 
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agent. But not all methylating agents can be used for this purpose. 
For example, methyl iodide CH,I cannot be used to produce codeine 
because it enters into a reaction with the tertiary nitrogen to form 
morphine iodomethylate: 


Morphine iodomethylate 


This is why only such methylating agents can be used that do not 
react with the tertiary nitrogen, for example, quaternary bases. 

Trimethylphenylammonium hydroxide (a quaternary base) was 
found to be the best methylating agent. Its formula is: 


+ _CH3 
N 
CHa 


This quaternary base is produced from dimethylaniline by the 
method proposed by V. Rodionov and D. Shaposhnikov: 


CH, CH; 


Leis +/ CH, 
N 
Or, CT | \cu, 
CH, | 
Dimethylaniline SO,0CH,; SO, 0° 
Methyl ether of Dimethylaniline 


p-toluenesulpho acid = methyltoluenesulphonate 


GH, 
+/ CH; 
__NaQH Ou OH- + 
C, Hs "C,H;ONa Nou, 
‘CH; : 
SO, ONa 
Quaternary base — Sodium salt 


of toluenesulpho acid 
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In this method, the previously employed costly methylating agent 
CH,I is replaced by a cheaper one—the methyl] ether of para-toluene- 
sulpho acid (a production residue). 

The methylating of morphine occurs as follows: 


c—~ 


Codeine 


The formed dimethylaniline is recycled to the production process. 
This method of the semisynthetic production of codeine is a com- 
mercial one. 

Codeine forms colourless crystals or a white crystalline powder 
with a bitter taste. It weathers in the air. It dissolves poorly in 
water, but does dissolve in hot water. It dissolves readily in alcohol, 
chloroform, and dilute acids. 

Being a methyl ether of morphine, codeine does not dissolve in 
alkalies, and reacts with iron(I\I) chloride only after saponification 
of the methoxy group. The reaction with Marchi’s reagent (a blue 
colour) proceeds better with heating and after a certain time elapses 
(the sulphuric acid first saponifies the methoxy group). Unlike mor- 
phine, the codeine base reacts with concentrated nitric acid to form 
an orange colour. 

Since codeine is produced from morphine, the latter may be con- 
tained as an admixture, and the State Pharmacopoeia recommends 
determining its content. 

The content of the drug is determined by neutralization. Since 
the drug dissolves poorly in water, the sample is first dissolved with 
slight heating in a small amount of alcohol, next freshly boiled 
cooled water is added, and titration is conducted with hydrochloric 
acid using a methy] red indicator. 
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The analgesic (narcotic) action of codeine is considerably weaker 
than that of morphine, but it has gained an especial value 
in allaying irritating cough. 

Codeine does not cause drug addiction in small doses and is much 
less toxic. Codeine and its salts are listed in Group B. Nevertheless, 
codeine in large doses and with prolonged administration may cause 
addiction, therefore it is never released without a doctor's prescrip- 
Lion. 

The drug is dispensed in 0.015-g powders and tablets. 

It should be stored in well closed containers protecting it from 
the action of light. 


Codeine Phosphate (Codeitnt phosphas) 


N—CH3°H3P04°1'/2H,0 


C,sH,,NO5-H,PO,-1 > H,O M.m. 424.4 

Codeine phosphate is a white crystalline powder with a bitter 
taste. It weathers in the air. It dissolves readily in water, sparingly 
in alcohol, ether, and chloroform. 

The methoxy group in the codeine phosphate molecule underlies 
the reactions characteristic of codeine. Additionally, reactions are 
conducted for the phosphate ion (with a magnesial mixture or a 
silver nitrate solution): 


PO$- + 3AgNO, — AgsP0,} + 3NO3 
Yellow 
PO3- + MgSO, + NH,OH -> MgNH,PO,} + SO3- + H,O 
White 


When codeine phosphate is reacted with an alkali solution, the 
codeine base precipitates. It is filtered, dried, and its melting point 
is determined, which should be 154-157 °C. 

All these reactions are used for identifying the drug. 

The State Pharmacopoeia recommends determining the content 
of the drug by acid-base titration in non-aqueous media. 

Codeine phosphate has the same applications as the codeine base. 

It is dispensed in ().015-g powders and tablets. 

The conditions of storage are the same as for codeine. 
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Ethylmorphine Hydrochloride 
(Aethylmorphini hydrochloridum) 


H.C, 


© 
N—CH, + HCl * 2H20 


HO 


C,,H.,NO,-: HC}-2H,O M.m. 3895.89 

Ethylmorphine hydrochloride is produced in the same way as 
codeine, by the ethylation of morphine. In this case, ethyl iodide 
C,H,I could be used as the ethylating agent because it does not 
enter into a reaction with the tertiary nitrogen and does not form 
iodoethylates. But ethyl iodide, like methyl iodide, is a costly re- 
agent, therefore to cut production costs, it was proposed to use the 
ethyl ether of para-toluenesulpho acid as the ethylating agent. 
Morphine enters into a reaction with this reagent in the form of its 
sodium salt—sodium morphinate: 


Ethylmorphine hydrochloride is a white crystalline powder with 
a bitter taste. It dissolves in water and alcohol, sparingly in chloro- 
form, and very poorly in ether. | 

Its identity is determined by a reaction for the phenol hydroxyl 
group with an iron(III) chloride solution after heating the drug 
with sulphuric acid. Unlike codeine, first a green colour appears, 
and aiter the addition of a drop of dilute nitric acid, it turns red 
(State Pharmacopoeia). 

All the other reactions for codeine can also be used for the given 
drug. 

The content of the drug is determined by acid-base titration in 
non-aqueous media. © | 

As regards its physiological action, ethylmorphine hydrochloride 
occupies an intermediate position between morphine and codeine. 
Kithylmorphine hydrochloride is chiefly employed in ophthalmology 
in the form of drops and an ointment as an anti-inflammation agent 
and for the same indications as codeine. 
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It is dispensed in 0.01- and 0.015-g powder and tablets. 
It should be stored in a locked cupboard in well closed orange 
glass jars. It is listed in Group A. 


28.4. INDOLE DERIVATIVES 
, 
H 


The molecules of the alkaloids of this group contain the indole 
ring. Indole alkaloids are quite abundant in the plant world, but 
only a few of them have found application in medicine, namely, 
eserine (physostigmine), strychnine and its analogue securinine, 
reserpine, and the alkaloids of ergot— ergometrine and ergotamine. 

The structure of all these alkaloids is very complicated and di- 
verse, and they are united into a single group only by the presence 
in their molecules of an indole ring. Their natural sources also vary. 

As regards its chemical properties, each of these alkaloids is 
individual, and therefore has its specific methods of analysis. 


Reserpine (Reser pinum) 


OCH, 
O 
OCH OCH 
CygH ya pN oOo M.m. 608.70 


Reserpine was first discovered in the leaves and roots of Rauwolfia 
serpentina (the Apocynaceae family) erowing in tropical and sub- 
tropical climatic zones, chiefly in India, where the healing effect 
of this plant was first discovered. It has also been obtained from the 
Australian species constricta. 

The Hindus were the first to use extracts from the roots and leaves 
of Rauwolfia serpentina to treat various nervous and psychic diseases, 
epilepsy, etc. When Indian doctors established the tranquilizing 
and hypotensive action of this drug and published the results of 
their observations, Rauwolfia serpentina attracted the attention of 
pharmacologists and chemists: in many countries. 
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The genus rauwolfia was named in honour of the German doctor, 
botanist, and traveller Leonhard Rauwolf, well known in his time 
{16th century), who was the first to give a botanical description of 
this plant. 

Reserpine is not the only alkaloid of Rauwolfia serpentina. This 
plant, especially its roots, contains over 40 alkaloids, of which 
‘the alkaloids reserpine, serpentine, and yohimbine are of the greatest 
interest. Reserpine is the most pharmacologically active alkaloid. 
It is a pharmacopoeial drug and is widely employed in medicine as 
a hypotensor. 

For a long time reserpine was produced from natural sources by 
extracting all the alkaloids with their subsequent chromatographic 
separation. But after its synthesis, the production of reserpine from 
natural sources gave way to its synthetic commercial production, 
which considerably cut the cost of this very valuable and widely 
employed drug. 

Reserpine was first synthesized completely in 1996 by R. Wood- 
ward (USA), and somewhat later the synthetic production of reser- 
‘pine was developed in the USSR by professor O. Magidson and his 
‘collaborators. 

The alkaline hydrolysis of reserpine (for example, with NaOH) 
yields the relevant (sodium) salts of reserpinic and trimethoxybenzoic 
acids and methanol: 


HCO N 
H OCH, 
NaOH 
H3COOC O-C OCH; + — 
I H»O 
OCH; OCH, 
COONa 
H3CO H + + CH,OH 
H,CO OCH, 
—> NaOOc OH OCH, 
OCH, 


The products of the alkaline hydrolysis of reserpine confirm that 
it is a double ester of reserpinic acid, which as an alcohol acid is 
esterified relative to the carboxyl group by methanol and relative 
to the secondary alcohol group by trimethoxybenzoic acid. 
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Reserpine is a white or yellowish finely crystalline powder sparing- 
ly soluble in water, alcohol, and ether, and readily soluble in chloro- 
form and acetic acid. Reserpine solutions, especially acidified ones, 
rapidly turn yellow in the light, becoming partly decomposed. 

To identify the drug, oxidation of reserpine is used, which is due 
to the presence of an indole ring and methoxy groups in the aromatic 
rings of its molecule. The oxidation products depending on the 
nature of the oxidizing agent have various colours. For example, 
a green colour and fluorescence of the solution appear with a sodium 
nitrite solution in the presence of sulphuric acid (State Pharmaco- 
poeia); a purple colour appears with chlorine water, a yellow-lilac 
one with hydrogen peroxide, a red colour turning light blue with 
Froehde’s reagent (molybdic acid + sulphuric acid), and a dark 
lilac colour with a potassium permanganate solution. 

The indole ring is also characterized by colour condensation 
reactions with aldehydes, for example, a pink colour appears with 
vaniline (I) in the presence of hydrochloric acid (State Pharmaco- 
poeia), and a green colour that turnsred appears with dimethylamino- 
benzaldehyde (II) in the presence of glacial acetic and sulphuric 
acids: 


OCH, 


O O 

\\ \ pons 
C OH CG N 

/ cx / { * \ 


asp 
b| 
=e end 


The State Pharmacopoeia also recommends using spectral data 
for a qualitative characteristic of reserpine. Thus, according to the 
State Pharmacopoeia, a 0.002% solution of the drug in 95% alcohol 
should have a maximum absorption at a wavelength of 268 nm. The 
optical density of this solution in a cell with a layer thickness of 1 cm 
at a wavelength of 268 nm should be about 0.55. 

Since reserpine is a weak base, its content in a drug is determined 
by acid-base titration in non-aqueous media (State Pharmacopoeia). 

Reserpine is administered in hypertension to lower the arterial 
blood pressure. 

[t is dispensed in 0.0001- and 0.00025-g powders and tablets. 

Crystalline reserpine is stored in a locked cupboard (Group A), 
while tablets are stored with care (Group B) in closed jars in a dry 
place protected from light. 

A drug named raunatine that contains several alkaloids of Rauwol- 
fia serpentina has been produced in the USSR. The drug exhibits a 
hypotensive and anti-arrhythmic action and is dispensed in 0.002-¢ 
tablets. It is listed in Group B. 


23~01542 
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28.5. IMIDAZOLE DERIVATIVES 


wi 


The imidazoleJring is contained in molecules of the purine series 
alkaloids and in the molecule of the very valuable alkaloid pilo- 
carpine. The latter in the form of its hydrochloride is employed in 
medicine to treat glaucoma (it lowers the intra-ocular pressure) and 
is af pharmacopoeial drug. 


Pilocarpine Hydrochloride 
(Pilocarpini hydrochloridum ) 


H.C> CH N-—CH 
5 | | 2 | 2 3. HCL 
oF7 ~O N 


C,,HisN.0.: HC! M.m. 244.72 

Pilocarpine is found in nature in the leaves of the African plant 
Pilocarpus jaborandi. The companions of pilocarpine in the jaborandi 
leaves are isopilocarpine (its isomer), pilocarpidine, pilosine, etc. 
The content of these alkaloids in the Pilocarpus jaborandi leaves is 
very low—from 0.6 to 0.9%, with 90% of the total sum of the alka- 
loids falling to the share of pilocarpine. 

The antiglaucoma action of pilocarpine is attended by great con- 
traction of the pupil (the myotic effect), i.e. it is an antagonist of 
atropine. 

For a long time, pilocarpine was the only and very costly drug 
for treating glaucoma because Pilocarpus jaborandi grows only in 
definite climatic zones, and since the pilocarpine content in the 
plants is very low, the import of this drug was very expensive. 

This is why it was necessary to synthesize this drug, and first 
of all to establish the structure of its molecule. For this purpose, 
the products of various transformations of the natural alkaloid 
were studied. For example, the oxidation of pilocarpine yielded 
two acids—pilopic and homopilopic: 


“Tyee R CH», ——- COOH 
O O - 5 


Pilopic acid Homopilopic acid 


In addition to these acids, small amounts of methylurea, ammo- 
nia, methylamine, and carbon dioxide were detected among the 
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oxidation products: 
O 


a 
H 


On the other hand, when pilocarpine was heated with soda lime, 
bases of the imidazole series were obtained: 


1,5-Dimethylimidazole 1-Methyl-5-amylimidazol€ 


These products of decomposition of natural pilocarpine indicate 
that the pilocarpine molecule consists of pilopic or homopilopic 
acid and methylimidazole. The final structure of pilocarpine was 
confirmed by its synthesis, which was first carried out by Soviet 
chemists— professor N. Preobrazhensky and his collaborators (1933). 

From the chemical viewpoint, pilocarpine is a ditertiary base 
with an N-methyl! group. It is optically active. The optical isomer- 
ism is due to two asymmetric carbon atoms in the lactone ring (a) 
of the molecule: 


4 fs . 
HsC2—¢ He H— CHa GN CH 
P| 
9 FN -ON2 HO. Zr 


Pilocarpine is the dextrorotatory (d) isomer. 

Pilocarpine hydrochloride forms colourless crystals or a white 
crystalline powder without an odour. It is hygroscopic, dissolves 
readily in water, alcohol, and is virtually insoluble in ether and 
chloroform. 

Pilocarpine is identified by oxidation reactions because the oxida- 
tion products are customarily coloured. These products are most 
frequently homopilopic or pilopic acid (with strong oxidation) 
yee (a decomposition product of the imidazole 
ring): 


ee [0] HsC,——- GH—CH— COOH 
QF AoC: NA “HCl —— OF CxQ-CHe 
Pilopic acid 
H 
+H,N—C— \ 
CH, 
Methyiurea 


23* 
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The methylurea can be further oxidized to carbon dioxide, am- 
monia, and methylamine H,N—CH.,. The oxidation products can vary 
depending on the nature of the oxidizing agent. 

The official identification reaction of pilocarpine is its oxidation 
with hydrogen peroxide and potassium dichromate in the presence 
of sulphuric acid. After the addition of chloroform, the reaction 
mixture is vigorously agitated, then allowed to settle, and the 
chloroform layer acquires a blue-violet colour. 

When a 95% solution of sodium nitroprusside in an alkali medium 
is added to an aqueous solution of the drug, the solution turns cherry 
red (Legal’s test for the five-membered lactone ring). 

Since pilocarpine is optically active, the State Pharmacopoeia 
recommends determining the specific rotation, which should range 
from +88.5 to +91° (a 2% aqueous solution). 

The content of the drug is determined by acid-base titration in 
non-aqueous media (State Pharmacopoeia). 

Pilocarpine is widely used in ophthalmology to treat glaucoma. 
It is prescribed in the form of 1 and 2% solutions as eye drops, and 
also in the form of a 1% and 5% ointment for the same purpose 
and in the form of eye films; the drug is also prescribed for subcu- 
taneous administration. To prolong the action of pilocarpine, a 
definite amount of methylcellulose, sodium carboxymethylcellulose, 
or polyvinyl alcohol is added to its solutions. 

It is dispensed in the form of a powder, 1% and 2% solutions, 
and a 1% and 5% ointment. It should be stored in a locked cup- 
board in well closed containers protecting it from the action of light 
and moisture. Pilocarpine films are stored at a temperature of 15 
to 29 °C. The drug is listed in Group A. 


28.6. PURINE DERIVATIVES 
H 
N26 ¢ N 
[23 >> 
N~ SN 
Purine is a bicyclic system consisting of a pyrimidine (a) and 


imidazole (b) rings. The hydroxylated derivative of purine is called 
xanthine, which can exist in both the enol and keto forms: 


OH O 
H H 
N N 
o ™~N HN 
lat Pa = A CH 
HO7 SN7 SN 07 NN 
Enol form Keto form 


Xanthine 
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Of importance for medicine is not xanthine, but its methylated 
derivatives caffeine, theobromine, theophylline, and their deriv- 
atives: 


0 CH, O O CH, 
| H | 
N N N 
H,C—WN H,C—N HN | 
2 | Y Br ey A A 
O N N O N N O N N 
CH, CH, CH, 
Caffeine Theophyltine Theobromine 
(1,3,7-trimethylxanthine) (1,3-dimethylxanthine) — (3,7-dimethylxanthine) 


The use of alkaloids of the purine series in medicine is based on 
their stimulating action on the central nervous system. This action 
is exhibited especially strongly by caffeine (a tonic). Theobromine 
and theophylline have a diuretic action, and in addition they dilate 
the coronary vessels. 

The natural sources of the alkaloids of the purine series are the 
leaves of the tea plants (caffeine, theophylline), the seeds of the 
coffee plant (caffeine, theophylline), the husks of cocoa beans (theo- 
bromine), whence these alkaloids were extracted with organic sol- 
vents. 

In addition to alkaloids, the leaves of the tea plant contain many 
accompanying substances (tanning substances, proteins, carbo- 
hydrates, resins, nucleoproteides, enzymes, etc.), therefore the ex- 
tracts have to be thoroughly purified from these admixtures. 

At present, purine alkaloid drugs are produced synthetically from 
substances that contain a purine ring, for example uric acid (I), or 
from substances that are not purines, but that acquire the structure 
of a purine ring by a number of transformations. 


0 
H 
HN N 
con 
OF~N7 SN 
H oH 
I 


In the first case, the method is a semisynthetic one, and in the 
second complete synthesis occurs. A semisynthetic method of pro- 
ducing purine alkaloids from uric acid was developed in the USSR 
by O. Magidson et al and became quite popular. 

Traube’s synthesis, which in a modified form is used at present 
in commercial production, is a classical method of the complete 
synthesis of purine alkaloids. By this method any xanthine deriv- 
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ative can be yproduced from various alkyl derivatives of urea. The 
starting substances for Traube’s synthesis are alkyl (mono- or di-) 
derivatives of urea and cyanoacetic acid (II): 


O 
n--" edie | 
Rn Hor~e=" (CH, CO),0 my NaOH 
+ : — SS 
07 ~ SNH | 0 yi 
| =N , 
R R 
WT 
O ~~ O 
wee NaNO, : Pye oF Zn 
R’ R' 
I--- 
O H p-=— 
H, --_~7-— | G —_— —_— 
—— OE N 1H —_- maw H ioi—C—H eC N ° 4 —amipe 
OF~N* NH, -H20 0 1 NiHa_ 
R’ R! 
0 O 
Na N 
N, H,SO N 
NaOH R-—WN ) wv a p 
_ /, O 
R' 


where R and R’ are CH, or H. When R and R’ are CH,, the product 
is theophylline. 

During the last years, methods of producing purine alkaloids by 
the direct methylation of xanthine have been developed. It has been 
established that the yield of caffeine in the methylation of xanthine 
with dimethyl sulphate depends to a considerable extent on the pH 
of the medium. In an alkaline medium (pH = 8-9), the xanthine is 
completely methylated, i.e. caffeine forms. At a pH of 4-7, sub- 
stitution occurs in positions 3 and 7, which results in the formation 
of theobromine. 

Caffeine, theobromine, and theophylline are very weak bases. 
Their basic properties are due to the nitrogen in position 9 of the 
imidazole ring. Their salts with mineral acids do not virtually exist 
because they readily hydrolyze. 
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Theobromine and theophylline are amphoteric substances. The 
acidic properties of theophylline are due to the hydrogen of the 
imide group in position 7, and of theobromine to the hydrogen of 
the imide group in position 1. The hydrogen can migrate to the 
neighboring oxygen with the formation of the enol form: 


O CH, OH CH, 
“cS = 24S 
oN yA _ a WA 


CH, CH, 


Keto form Enol form 
Theobromine 


The hydrogens of the imide groups in caffeine are substituted by 
methyl radicals, therefore it has no acidic properties, while the basic 
properties are so weak that it can be considered as a practically 
neutral substance. 

All the alkaloids of the purine series dissolve poorly in water. 
Caffeine and theophylline dissolve readily only in hot water. The 
solubility of caffeine increases substantially in organic acids (benzoic, 
salicylic) and their salts; it has been established here that the formed 
complexes contain equal parts of caffeine and an acid. An example 
of such a complex is caffeine and sodium benzoate, which is a phar- 
macopoeial preparation: 


O aus 
"LO oY 


CH, 


COONa 


Theophylline and theobromine, owing to their acidic properties, 
form water-soluble salts with metals (theobromine-sodium, themisal) 
and organic bases (euphylline): 


ONa QO | 
CH, i : 
n/ COONa N H.C —CH, 
ro): Ch TD ak | 
fy ~ 2B 1 . . 
CH; CH; 


Themisal Euphylline 
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The ability of theophylline and theobromine to form salts with 
metals is employed for their identification. For example, theophylline 
and theobromine are identified by reactions yielding their silver 
and cobalt salts. 

The silver salt of theophylline forms in the cold, and white crys- 
tals precipitate. 

A gelatin-like silver salt of theobromine forms when heated. Thus, 
the appearance of these salts enables one to distinguish theobromine 
from theophylline. 

The cobalt salts of theobromine and theophylline are coloured 
differently, which also makes it possible to distinguish one drug 
from the other. 

The purine alkaloids are unstable when heated in an alkaline 
medium (at pH > 9). In this case, caffeine decomposes to caffeidine- 
carboxylic acid and further to caffeidine (a physiologically inactive 
substance): 


O CH, O CH O CH 
aa all nn ae 
N _ N H,C—N-—C N 
H,C—N ) _ LOH | H,C—N | 
Aa Y/, | H-O rrr 4 | y), -CO, » 
O N Nj HiO— C7+—-N N H,C—WN N 
| ils | H 
CH; 104 CH, 
Caffeidine-carboxylic acid Caffeidine 


Theophylline has a similar reaction. Theobromine is the most 
stable to the action of alkalies and under the same conditions with 
theophylline decomposes only partly. a 

Hence, theophylline forms a salt with an alkaline solution in the 
cold, but when heated with such a solution it decomposes and loses 
its physiological activity. . . 

The murexide test (a reaction of murexide formation) is a group 
reaction for the alkaloids of the purine series. It consists in heating 
a substance containing the purine ring with an oxidizing agent 
(bromine water, perhydrol, nitric acid, etc.) and then treating 1+ 
with an ammonia solution: a crimson colour appears because of the 
formation of{the ammonium salt of purpuric acid: 


O R" O O 
"4 AL 
R—WN ) y Br; H,0,2 R—N O __. R—wN CHOH 
+ el ames 
R’ R’ R’ 
Dialkylatloxane Dialkyldialuric 
acid 
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These two tautomeric forms (I) and (II) react with each other 
and form alloxanthine: 


O .--- O _— O O 
ae, ~ H _-th 
R—N ‘0 - N—R _HINIHL R—N N N—R: 
a wre | ( 
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, R 
Alloxanthine Murexide 
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If potassium hydroxide is used instead of ammonia, the potassium 
salt of purpuric acid will be coloured blue-violet. 

The murexide test was considered for a long time to be a reaction 
specific for purine derivatives, but it later became known that the 
murexide test also characterizes certain other compounds not con- 
taining the purine ring in their molecule, such as alloxan, dialuric, 
barbituric, and violuric acids, i.e. compounds containing a pyrimid- 
ine ring in their molecule. To date, however, the murexide test is. 
a group reaction for detecting purine alkaloids and is an official one. 

A variety of methods are used for the quantitative determination 
of the purine alkaloids that depend on their chemical properties. 
Since all these alkaloids are weak organic bases (their dissociation 
constants range from 10~° to 10-*4), it is difficult to determine them 
by neutralization in an aqueous medium. This is why the State 
Pharmacopoeia recommends, for example for caffeine, non-aqueous. 
titration in a medium of protogenic (acidic) solvents such as anhy- 
drous acetic acid. 

The acidic properties induced by the free imino group in the theo- 
bromine and theophylline molecules also allow non-aqueous titration: 
to be used for their determination, but in a medium of protophilic 
(basic) solvents such as pyridine and dimethylformamide. This. 
method is not an official one, however. 

Spectrophotometry in the ultraviolet region can also be employed 
for the quantitative determination of the purine alkaloids. The 
double bonds in their molecules can cause resonance, which is why 
these substances absorb ultraviolet radiation. Purines produce one 
intensive band below 220 nm and another one at 272 nm, but they 
all have an identical peak and absorption intensity, therefore 
spectrophotometry in the ultraviolet region is a group method. 

Other methods are also used for the quantitative determination 
of the purine alkaloids depending on the individual nature of each 
drug. 
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Caffeine (Coffetnum) 
1,3,7-Trimethylxzanthine 


O CH, 
NO 
7 > - H,O 
O ; N 


CH; 


C 3H, )>N.°-H,O M.m. 212.21 
M.m. 194.19 (anhydrous) 

The main natural source of caffeine in the Soviet Union is tea 
production residues (tea dust, leaf trimmings, and tea leaves not 
suitable for food purposes). Caffeine is also contained in coffee seeds. 
At present, cheaper and more available synthetic and semisynthetic 
methods described above are used for the production of caffeine. 

Caffeine forms white silky acicular crystals with a slightly bitter 
taste. It weathers in the air. It dissolves well in hot water and chloro- 
form, and sparingly in cold water, benzene, and alcohol. It dissolves 
very poorly in ether. 

Caffeine is a weak base. Its salts with mineral acids do not practical- 
ly exist because they readily hydrolyze. 

To identify caffeine, the murexide test and reactions of precipi- 
tation with the group alkaloid reagents are employed. It should 
be noted that these reactions have a number of distinctions for 
caffeine. For example, the latter is not precipitated by Mayer's 
reagent (HgI,-2KI), and yields a precipitate only in an acidir 
medium with an iodine solution. This precipitate has a brown colouc 
and is a periodide: C,H,,N.0O.,-HI-I4. 

Unlike some other alkaloids, caffeine forms a white precipitate 
with a tannin solution that dissolves in an excess of the reagent. 

The last two reactions, being the most specific for caffeine, are 
recommended by the State Pharmacopoeia. 

The content of the drug is determined by non-aqueous titration in 
a medium of protogenic solvents (glacial acetic acid, acetic anhy- 

ride). 

The ability of caffeine tu form periodides with an iodine solution 
in an acidic medium can also be used for its quantitative determi- 
nation. An excess of a standard iodine solution is added to a weighed 
sample of caffeine acidified with sulphuric acid, and a periodide 
precipitate forms. The excess iodine is titrated with a sodium thiosul- 
phate solutioz (the official method). 

Spectrophotometry in the ultraviolet region can also be used for 
the quantitative determination of caffeine. 
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Caffeine is administered as a stimulator of the central nervous 
system and a cardiotonic. The stimulating action of caffeine in- 
creases the mental and physical capacity for work, but its use in 
large doses results in exhaustion of the nerve cells. 

The drug is dispensed in powders. It should be stored in well 
closed containers. It is listed in Group B. 


Caffeine and Sodium Benzoate 
(Coffetnum-natrit benzoas) 


O CH, 
26 
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C,;H,,N,NaO, M.m. 339.32 

This drug is produced by mixing aqueous solutions of sodium 
benzoate and caffeine. The resulting transparent solution is evapor- 
ated until a dry powder forms. 

The drug is a white powder with a slightly bitter taste. It dissolves 
readily in water and sparingly in alcohol. It gives reactions typical 
of caffeine. Among the reactions distinguishing this drug from caffeine 
are those for benzoic acid, namely, a pinkish-yellow precipitate 
forms with an iron(IIT) chloride solution. The sodium ion Nat 
is determined by its typical reactions. 

The quantitative analysis of the drug is performed in two steps: 
(1) the amount of caffeine is determined iodimetrically after a 
weighed sample of the drug is acidified by an acid and the excess of 
a standard iodine solution is added; the amount of caffeine in the 
dry substance must be at least 38 and at most 40%; (2) the amount 
of sodium benzoate is determined in another weighed sample by 
neutralization; titration is performed in the presence of ether which 
extracts the evolving benzoic acid: 


COONa 


COONa COOH 


Cy + wo CT | + Nact 


The amount of benzoic acid in the drug should be at least 53 and 
at most 62%. 

Caffeine and sodium benzoate has the same indications for its 
administration as caffeine alone. 
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It is dispensed in 0.1- and 0.2-g powders and tablets, and also in 
ampoules in the form of 10% and 20% solutions. 


The drug should be stored in well closed containers. It is listed 
in Group B. 


Theophylline (Theophyllinum ) 
1,3-Dimethylzanthine 


Oo 
+ 
some ' 
-H,O 


CH; 


C.H,N,0,-H,O M.m. 198.18: 

Theophylline is contained in tea leaves and coffee seeds. At pres- 
ent it is produced synthetically. Theophylline is a white crystalline 
powder with a bitter taste. It dissolves sparingly in cold water and 
readily in hot water. It is soluble in acids and alkalies (an amphoteric 
compound). Unlike caffeine and theobromine, theophylline dissolves. 
in an ammonia solution because its acidic properties are more pro- 
nounced than those of theobromine. 

Theophylline, like the other alkaloids of the purine series, gives 
a positive murexide test. It yields salts with metals owing to the 
acidic properties of the hydrogen of the imide group in position 7. 
The most typical of them are the silver and cobalt salts. 

With cobalt salts, theophylline forms a white precipitate of a 
complex salt having a pinkish tint (a distinction from theobromine, 
which forms a salt of a different colour). 

Unlike the other alkaloids of the purine series, theophylline gives: 
a stable green colour with an alkaline solution of sodium nitroprus- 
side. 

The content of theophylline in the drug is determined indirectly 
by neutralization of the nitric acid that forms together with the 
silver salt (the official method): 


OC 4 O ss 
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Theophylline has a spasmolytic, vasodilating, and diuretic action, 
and relieves bronchial spasms. It is dispensed in the form of 0.1- and 
0.2-g powders and suppositories. 

It should be stored in well closed containers protecting it from 
the action of light. It is listed in Group B. 


Euphylline (Zuphyllinum) 
Theophylline with 1,2-ethylenediamine 


° H 
eo) oe 
oANN 7 HN NH, 
| 
CH; 


C.H,N,0, M.m. 180.17 
C,H,N, M.m. 60.10 
Euphylline (aminophylline, thiophyllamine) was obtained when 
seeking for soluble theophylline preparations. It is a salt of theophyl- 
line with the organic base ethylenediamine and is obtained at the 
expense of the acidic properties of theophylline. 

Euphylline is a white crystalline powder, sometimes with a yellow- 
ish tint, having a weak smell of ammonia. It is soluble in water. Its 
aqueous solutions have an alkaline reaction and a smell of ammonia. 
It absorbs carbon dioxide in the air, and its solubility diminishes. 
The drug is identified by: 

(a) the murexide test (the purine ring); 

(b) the formation of a bright violet complex when the drug is 
reacted with a copper sulphate solution (ethylenediamine); 

(c) the melting point of the theophylline separated after the ethyl- 
enediamine is neutralized with hydrochloric acid; the melting point 
of the precipitated theophylline base should be 269-274 °C. 

In addition to the official reactions, euphylline can be confirmed 
by its reaction with 2,4-dinitrochlorobenzene. A yellow precipitate 
forms (a reaction for ethylenediamine): 


NO, 


H.C— NH, H,C—N NO, 


~H,C—NH H.C—N ¥ ) 
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According to the official requirements, in the quantitative analysis 
of euphylline, the theophylline content is determined indirectly by 
neutralization after drying and boiling the drug for the removal of 
ethylenediamine. The content of anhydrous theophylline in the 
drug should be 80-85%. The amount of ethylenediamine in another 
sample is determined by neutralization: 


H,C— Ch, H.C — CH, 
[| | +2Hcr—~ | | -2net 
H,N NH; H.N NH, 


The drug should contain 14-18% of ethylenediamine. 

Euphylline, like theophylline, has a vasodilating and diuretic 
action. It is administered in bronchial asthma and angina pectoris. 

It is taken orally in doses of 0.4-0.2 g, intravenously (2.4% solu- 
tion in glucose), and intramuscularly (12% solution). It is dispensed 
in powders, tablets, and in ampoules. 

Since euphylline rapidly absorbs carbon dioxide from the air, it 
should be stored in well closed jars in a place protected from light. 
It is listed in Group B. 


Theobromine (Theobrominum) 


3,7-Dimethylzanthine 


CH, 
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C,H,N,0, M.m. 180.17 

Theobromine is a white crystalline powder with a bitter taste. 
It dissolves sparingly in water and still less in organic solvents. 
Being an amphoteric substance, it is soluble in alkalies and acids. 
It gives a positive murexide test. Its silver salt differs from those of 
caffeine and theophylline (it is a gelatin-like precipitate that liquefies 
when heated and again solidifies when cooled). Unlike caffeine and 
theophylline, it produces a grayish-blue precipitate in a reaction 
with cobalt chloride. 
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The content of the drug is determined, like that of theophylline,. 


indirectly by neutralization. 

It is employed as a diuretic and also as a stimulator of cardiac. 
activity in spasms of the cardiovascular system and oedemae. 

It is dispensed in 0.25-g powders and tablets. It is listed in 


Group B. 


Themisal (Themisalum) 


Sodium theobromine and sodium salicylate 


O CH3: 
NaN 
x) + OX 
O N N OH 
| 
CH; 
C,H.N,NaO, M.m. 202.45: 
C,H;,;NaQ, M.m. 160.11 


Themisal (theobromine sodium salicylate, salnabrom, theobromsal) 
is a mixture of sodium theobromine and sodium salicylate in molec- 
ular proportions. It is a white powder readily soluble in water and 
insoluble in ether and chloroform. An aqueous solution exhibits an 
alkaline reaction to phenolphthalein. It is hygroscopic. 

In addition to the identification reactions for theobromine (the: 
murexide test, etc.), reactions for sodium salicylate are periormed: 

(a) with an iron(III) chloride solution; after acidification of the- 
drug with acetic acid, a violet colour appears (State Pharmacopoeia); 

(b) with a copper sulphate solution; an emerald green colour of 
the solution is observed. 

The quantitative analysis of the drug consists in determining: 

(1) the sodium other than that in the sodium salicylate, its content. 
in the drug should be at least 6%; 

(2) theobromine (at least 45%); 

(3) sodium salicylate (at least 41%). 

The quantitative determination of the unbound sodium is per- 
formed by neutralization. A weighed sample of the drug is dissolved 
in hot water, and a definite amount of a standard solution of an 
acid (H.SO,) is added in excess. The solution is boiled and the excess: 
of the acid is titrated with an alkali (NaOH) using a phenol red in- 
dicator. The sodium salicylate under these conditions (without ether) 
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is not titrated: 


ONa CH, OH CH, 
Nz yZ 
XO? + OG, he IP 
‘O 1 N OH O 1 N 
CH; CH, 


exc, HySO, + 2NaOH —> Na.SQ, +r 2H,0 


After titration of the excess sulphuric acid, a standard solution 
of silver nitrate is added, and the evolved nitric acid is titrated with 
an alkali using a phenol red indicator (determination of the theobrom- 


ine): 
Naan N~ 
A | 2p +AgNO;— a | > + HNO; 
O Y N OY ~N* “SN 
ba bs 
HNO, --+ NaOH > NaNO, + H.O 


After the determination of the theobromine, the liquid is evapor- 
ated to a definite volume and acidified with dilute sulphuric acid. 
The evolving salicylic acid is extracted with ether, and the latter 
is distilled off. The residue is dissolved in a mixture of alcohol and 
water and titrated with a sodium hydroxide solution using a phenol 
red indicator (determination of the sodium salicylate): 


COONa COOH 
2 Cr + H.SO, ———— 2 CL | + Na.,SO, 
OH 


OH 
(in ether) 


COOH COONa 
CX + NaOH —> CL + H,0 
OH 
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Themisal, like theobromine, is a diuretic and vasodilating agent. 
It is dispensed in the form of a powder. It is prescribed chieily in 
mixtures. 

Since the drug is hygroscopic, it should be stored in well closed 
jars in a dry place. When moistened, the drug decomposes into 
sodium theobromine and sodium salicylate. 


REVIEW QUESTIONS 


. Which compounds are called alkaloids? 

What properties do alkaloids have? 

What are the basic properties of alkaloids due to? 

What alkaloid properties are their group reactions based on? 

. What underlies the chemical classification of the alkaloids? 

. Which heterocycles are contained in the tropane nucleus? 

. What is atropine from the chemical viewpoint? 

, What is the presence of two optical isomers and a racemate in atropine 
due to 

9. What properties of atropine sulphate is Vitali’s reaction based on? 

10. What underlies the use of acid-base titration in non-aqueous media for 
the quantitative determination of atropine sulphate? What is the advantage 
of this method? 

it . Explain the use of photocolorimetry in the determination of atropine 
sulpnate. 

12. Can the content of atropine sulphate be determined by neutralization 
relative to the acid residue? 

13. What is scopolamine hydrobromide from the chemical viewpoint? 

14. Why is Vitali’s reaction positive for scopolamine? 

15. What nucleus does the quinine molecule contain? 

16. Describe the quinuclidine nucleus. 

17. What are the features of quinine as a base? 

18. What salts can quinine form? 

19. Explain when quinine produces acid salts and when it produces neutral 


CO SID OT Go fOr 


20. Why does the nitrogen of the quinuclidine nucleus have stronger basic 
properties? 
nlescaare can quinine hydrochloride be distinguished from quinine dihydro- 
chloride: 

22. What properties of papaverine are used in its identification reaction? 

23. Explain why morphine is a strong tertiary base. 

24. What underlies the ability of morphine to form an azo dye? 
; 20. Can morphine hydrochloride be determined quantitatively by neutra- 
ization: 

26. Why is apomorphine hydrochloride readily oxidized? 

27. What property of apomorphine underlies its identification reaction? 

28. What is promedol (trimeperidine) from the chemical viewpoint? 

29. Why does codeine react with an iron(II1) chloride solution after sapo- 
nification of the methoxy group? 

30. How can one explain the ability of the codeine base to form salts? 

31. What is reserpine from the chemical viewpoint? 

32. What is pilocarpine in a chemical respect? 

33. What is the optical activity of pilocarpine due to? 

34. What rings does the purine nucleus consist of? 

39. What are the basic properties of caffeine and the other purine deriva- 
tives due to? 


24—Q1542 
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36. Why are theobromine and theophylline amphoteric substances? 

37. Explain the ability of caffeine to form complexes. 

38. Explain the ability of theobromine and theophylline to form silver 
and cobalt salts. 

39. What is the essence of the murexide test? 

40. Under what conditions must themisal be stored? 


PRACTICAL LESSON 


Analysis of Quinine Sulphate 


14. Dissolve 0.02 g of the drug in 5 ml of water and perform identification 
reactions. 

(a) to 1 ml of the drug solution add bromine water until a weakly yellow 
colour appears, and then add an ammonium hydroxide solution; a green colour 
appears; 

* 0) add two or three drops of sulphuric acid to 2 ml of the drug solution; 
a light blue fluorescence appears; 

(c) add two drops of a barium chloride solution to 1 ml of the drug solution; 
a white precipitate forms. 

Write the equations of the chemical reactions. 

2. Conduct a quantitative determination. 

Transfer a sample of the drug with a mass of 0.05 g into a flask for titration 
and dissolve it in 10 ml of hot water, cool the solution, add 1 m1] of chloroform, 
three drops of phenolphthalein, and titrate with a 0.14 N sodium hydroxide 
solution until a pink colour appears. Name the method used. Write the equation 
of the chemical reaction. 

3. Calculate the quinine sulphate content in the drug in per cent by for- 
mula (1.4): 

VAT VK xX 0.039 15 


q 100 0.05 


where V is the volume of the 0.4 N sodium hydroxide solution, ml, 7 = 
0.039 15 g/ml, and a is the mass of the drug, g. 

The State Pharmacopoeia requires that the drug contain at least 99.5% of 
(Coo HogNoO)2-H.SO,4-2H,O. . . 

4. Compare the result obtained with the pharmacopoeial one and conclude 
whether the drug meets the requirements of the State Pharmacopoeia. 


x = x 100 


Analysis of a Mixture with Codeine Phosphate 


14. Write the prescription in Latin: 
Tincture of thermopsis 0.6-200.0 (g) 
Codeine phosphate 0.2 (g) 
Dispense. Indicate: 1 tablespoon 3 times a day. 

2. Perform a quantitative determination. Transfer 10 ml of the mixture 
with a pipette into a flask for titration, add 1 ml of alcohol, and titrate with 
a 0.4 N sodium hydroxide solution until a pink colour appears (using phenol- 
phathalein as the indicator). Write the equation of the chemical reaction. 

3. Calculate the content of codeine phosphate in the mixture in grammes by 
formula (1.3): 


VATb VKX0.0212 x 200 


X= a 10.0 
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where Visthe volume of the 0.4 N sodium hydroxide solution, ml, T = 
0.0212 g/ml (relative to aqueous codeine phosphate), a is the volume of the 
mixture taken for titration, ml, and 6} is the total volume of the mixture, ml. 
4. Compare the result obtained with the prescription and conclude whether 
the mixture may be released to a patient. 
9. Propose identification reactions for codeine phosphate. Write the equa- 
tions of the chemical reactions. 


Analysis of a 10% Caffeine Solution (“Concentrate”) 


1. Write the equations of the chemical reactions of caffeine identification 
after your instructor has performed the identification reactions. 

2. Perform a quantitative determination (by iodimetry). Place 5 ml of 
the solution into a 100-ml measuring flask, add 5 ml of a 2 N sulphuric acid 
solution and 15 ml of a 0.1 N iodine solution (from a burette). Add water up to 
the mark, thoroughly agitate the mixture, and let it stand for 15 minutes. 
Rapidly filter the solution through a cotton wool filter into a flask. Titrate 
10 ml of the filtrate with a 0.1 N sodium thiosulphate solution until the solution 
loses its colour. Write the equation of the chemical reaction. 

> Evaluate the caffeine content in the solution in per cent by formulas (1.4) 
and (1.2): 


(V~;=K,—VK) TV, (15.00 x Ky— VK) X 0.0053 « 100 x 100 
Xx =  . X 100 = Oe OS 


where V, is the volume of the 0.1 N iodine solution, ml, V is the volume of the 
0.4 N sodium thiosulphate solution, ml, K, is the correction factor for the 
0.4 N iodine solution, K is the same for the 0.1 N sodium thiosulphate solution, 
T = 0.0053 g/ml (relative to aqueous caffeine), a is the volume of the drug 
taken for the determination, ml, V, is the volume of the drug solution after the 
irst dilution, ml, and V, is the volume of the aliquot part of the diluted solution, 
ml. 

4. Compare your result with the required concentration and arrive at the 
corresponding conclusion. 


Analysis of Caffeine and Sodium Benzoate 


1. Perform identification reactions: 

(a) dissolve 0.01 g of the drug in 3 ml of water and add one drop of an iron(III) 
chloride solution; a yellow-pink precipitate forms; 

(b) introduce a minute particle of the drug into a colourless burner flame; 
the colour will turn yellow. 

Write the equations of the chemical reactions. 

2. Conduct a quantitative determination (by neutralization). Dissolve 0.05 g 
of the drug in 5 ml of water, add 3 ml of ether, three drops of methyl orange, 
one drop of methylene blue, and titrate with a 0.4 N hydrochloric acid solution 
until an intensive violet colour appears. Write the equations of the chemical 
reactions. 

3. Compute the content of caffeine and sodium benzoate in the drug in per 
cent by formula (1.1): 


8) 
yah? y 400 = 1X 9.0838 x 100 
a 0.05 


24* 
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where V is the volume of the 0.4 N hydrochloric acid solution, ml, 7 = 
0.0338 g/ml, and a is the mass taken for the determination, g. 

The State Pharmacopoeia requires that the content of C,,H;,N,NaQO, in 
the drug be at least 98.0%. 

4. Compare your result with the official requirements and arrive at the 
corresponding conclusion. 


Analysis of Theobromine (Problem Solving Research Method) 


4. Write the English, Latin, and chemical name of the preparation 3,7- 
dimethylxanthine in your notebook. 

Proceeding from the chemical name, depict the formula of theobromine 
graphically. 

Study the physical properties of the preparation, namely, the colour, odour, 
and taste of the crystals. Test the solubility in water and in 95% alcohol; for 
this purpose, shake 0.05 g of the preparation with 1 ml of distilled water or 
4 ml of alcohol. Test the solubility in dilute acids and alkalies; for this purpose, 
dissolve 0.05 g of the preparation in 1-2 ml of dilute hydrochloric acid (a 6 N 
solution) with shaking and then in 1 ml of a 2 N sodium hydroxide solution. 
Enter your observations in your notebook. Substantiate them. 

2. Perform identification reactions. 

(a) What reaction can be used to confirm that theobromine belongs to the 
alkaloids of the purine series? Disclose the chemism of this process. 

Perform the indicated reaction as follows: put 0.05 g of theobromine into 
a porcelain bowl, add three drops of perhydrol, then three drops of dilute hydro- 
chloric acid, and evaporate the solution in a water bath till dry. Wet the resi- 
due with one or two drops of an ammonium hydroxide solution. What do you 
observe? Write your observations in your notebook. 

(b) Perform the following reaction: to 0.1 g of the preparation add 2 ml of 
a 0.1 N sodium hydroxide solution, agitate the mixture for two minutes and 
filter it into another test tube. Add three drops of a 2% cobalt chloride solution 
to the filtrate and shake it for one or two minutes. Write what you observe in 
your notebook. Explain the chemical essence of the occurring process. 

(c) Dissolve 0.05 g of theobromine in 1 ml of a2 N sodium hydroxide solution, 
add 10 drops of an ammonium hydroxide solution and eight drops of a 5% 
silver nitrate solution (add the latter by drops and shake the mixture vigorously 
after each drop up to complete dissolution of the initially formed brown silver 
oxide precipitate). 

Write what you observe in your notebook. Explain the chemical essence of 
the occurring process. Write the equation of the chemical reaction. 

3. Conduct a quantitative analysis. 

Proceeding from the structure and properties of theobromine, propose a meth- 
od for its quantitative determination. Write down the chemism of the process. 

Conduct a quantitative determination using the following procedure: put 
about 0.1 g of theobromine (an exact mass) into a 100-mli conical flask, add 
30 ml of distilled water and boil with an inserted funnel up to complete disso- 
lution of the preparation. Add 10 ml of a0.4 N silver nitrate solution (via a bu- 
rette) to thehot solution, agitate the mixture, cool it to room temperature, 
add 45 drops of an indicator (a 0.14% phenol red solution), and titrate with 
a sodium hydroxide solution up to the appearance of a violet-red colour. 

Evaluate the theobromine content in the preparation in per cent. 

What storage conditions can you propose for the given preparation? The 
highest single oral dose is 1.0 g, and the highest daily oral dose is 3.0 g. 

The preparation is employed as a spasmolytic (vasodilating. bronchodilat- 

ing) and diuretic drug. 
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Chapter 29. Glycides 
and Their Derivatives 


(Independent Work. Problem Solving Research Method) 


I. A general characteristic of glycides*. 

What groups of substances relate to glycides? 
Give the classifications of glycides: 

(a) by their ability to hydrolyze, 

(b) by the number of carbon atoms in a molecule, 
(c) by the presence of an aldehyde or keto group. 
What functional groups do the glycides contain? 


Hv OH HN On 

cH ce Ho—cZn Sc 
HO | SO >» | “SOH 
H—C—OH OH H—C—OH O 

New NZ 

H~ —“CH,OH H~ cH.OH 


What reactions will glycides participate in owing to their alcohol 
hydroxyl groups? 

What kind of isomers are listed in the table (the latter is prepared 
in good time by the students under the guidance of their instructor)? 

The glycides are optically active substances. 

II. Write the Latin name and the formula of glucose (see the State 
Pharmacopoeia). 

Which glycides does glucose relate to in accordance with the classi- 
fication? 

Where is glucose encountered in nature? How can it be produced? 

Characterize the physical properties of glucose (State Pharma- 
copoeia). 

How can glucose be identified (State Pharmacopoeia)? Which func- 
tional group is the reaction due to? Write the equation. 

What other reaction can be used to identify glucose? 

Quantitative determination: 


H. OH 
7°. 2 
HO—C—H “C—H 
| +1, +NaOH — 


“ Preliminarily repeat the topic “Carbohydrates” from the course in organic 
chemistry. 


374 Natural Biologically Active Compounds 


Name the method of quantitative analysis, draw up its procedure, 
complete the reaction equations, and explain the mechanism. 

What physicochemical methods of analysis can be used for the 
quantitative determination of glucose? 

How should glucose be stored? 

What purpose is glucose employed for? 

lI]. Write the Latin name and formula of calcium gluconate (see 
the State Pharmacopoeia). 

Write the structural formula of the drug. 

What is this drug as regards its chemical structure? 

Which substances can be used to produce calcium gluconate? 

How can calcium gluconate be produced? 

Characterize its physical properties (State Pharmacopoeia). 

Write the equation of the reaction for the calcium cation. 

How can the drug be determined quantitatively (State Pharma- 
copoeia)? Analyse the chemism of the reaction. 

How should the drug be stored (State Pharmacopoeia)? 

What is the drug used for (State Pharmacopoeia)? 


PRACTICAL LESSON 


Analysis of Calcium Gluconate 


i. Write the Latin name of the drug. Proceeding from the name, write the 
formula of the drug. What is calcium gluconate from the chemical viewpoint? 

Study the physical properties of the drug—its colour and odour. Test its 
solubility in water and alcohol; to do this, dissolve about 0.05 g of the drug in 
3 ml of water while shaking, and then heat the mixture. Dissolve about 0.05 g 
of the drug in 2 ml of alcohol and shake the solution. Comment on the results. 

2. Conduct an identification test: 

(2) wet 0.05 g of the drug with hydrochloric acid and introduce it into 
a colourless burner flame. Explain what causes the colour of the flame to change. 

Dissolve 0.05 g of the drug in 2 ml of water: 

(b) to a part of the obtained solution add 0.5 ml of an ammonium oxalate 
solution and agitate the mixture. What do you observe? Test the solubility of 
the obtained precipitate in hydrochloric and acetic acids. Compile the relevant 
reaction equations; 

(c) to the remaining part of the drug solution add two drops of an iron(III) 
chloride solution. What do you observe? 

3. Proceeding from the structure and properties of calcium gluconate, 
select a possible method for its quantitative determination. Perform a quanti- 
tative determination of the drug by the pharmacopoeial method: put about 0.4 g 
fan exactly weighed sample) of calcium gluconate into a 100-ml measuring 

ask, dissolve it in hot water, add water up to the mark, cool the mixture and 
thoroughly stir it. Next transfer 10 ml of the diluted solution into a flask for 
titration, add 5 ml of an ammonia buffer and three drops of an indicator (a solu- 
tion of Acid Chrom Dark Blue) and titrate with a 0.05 M solution of Na-EDTA 
until a blue-violet colour appears. 

Name the given method of quantitative determination. Compile the reaction 
equations, perform the calculations, and arrive at a conclusion on the analysis 
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results. 7 = 0.022 45. The State Pharmacopoeia tolerates a calcium gluconate 
content in the drug of at least 99.5% and most 103.0%. _ 
Proceeding from the studied properties, recommend the conditions of storage 


of the drug. 


Chapter 30. Vitamins 


Vitamins are biologically active organic compounds of a diverse 
chemical nature.:They enter an animal’s or human’s organism with 
the food, in small amounts, and play a major role as biocatalysts 
in metabolism. Both a lack and an excess of vitamins in an organism 
cause deep disturbances of various 
functions of the organism, the 
result being severe diseases. 

When there is a lack of vitamins 
in an organism, diseases called 
hypovitaminoses develop. For exam- 
ple, an insufficiency of vitamin C 
may cause scurvy, an insufficiency 
of vitamin D may cause rickets 
{especially in children), an insuffi- 
ciency of vitamin A—blindness, 
of vitamin B,—polyneuritis, and 
so on. 

Diseases associated with the ab- 
sence of a vitamin in an organism 
are called avitaminoses. 

An excess of vitamins in an organ- 
ism leads to a disease known as 
hypervitaminosis. For example, 
when an organism contains an N. Lunin (1853-1937) 
excess of vitamin K regulating the 
coagulation of the blood, thrombophlebitis sets in. It is a severe 
disease associated with clogging of the blood vessels. 

To relieve phenomena of hypervitaminosis, vitamin inhibitors or 
antagonists called antivitamins are used. To date antagonists are 
known for almost all the vitamins, but there are only a few drugs 
among them. 

The discovery of vitamins is associated with the name of the 
Russian physician N. Lunin, who back in 1880 in experiments with 
animals created a special diet for them and showed that for the 
normal life of an animal organism food is necessary that contains 
not only proteins, fats, carbohydrates, and mineral salts, but also 
other substances present in natural products. However, Lunin’s 
work did not win recognition at that time, and only many years 
later did investigators return to this problem. In 1912, on the basis 
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of Lunin’s work, the Polish biochemist K. Funk separated a physio- 
logically active substance in the crystalline form from rice bran. 
This substance completely healed patients from polyneuritis (“beri- 
beri”). 

After it had been established that the substance which Funk 
separated from rice bran contained nitrogen, he presumed that all 
the other substances whose absence in a diet cause avitaminosis 
contain nitrogen. He therefore proposed to call these substances 
vitamins (vita is the Latin for life + amine). But further studies 
showed that not all vitamins contain nitrogen, therefore the name 
of these substances is not completely accurate. [t has been established 
that the molecules of vitamins contain a hydroxy! group (of a pheno, 
alcohol, or acidic nature). Vitamins are supplied to an organism in 
insignificant amounts with food. They combine with specific proteins 
to form enzyme systems. 

Quite frequently, food contains substances that are chemically 
similar to a vitamin. During metabolism or photosynthesis, these 
substances transform into vitamins. Such substances are called 
provitamins. For example, the carotenoids contained in carrots have 
a structural part of vitamin A in their molecule. After getting into 
an organism, the carotenoids enter into reactions of oxidation and 
metabolism and are converted into vitamin A. Hence, carotenoids 
are provitamin A. Another example is sterines, which under the 
influence of ultraviolet radiation are converted into vitamin D 
and are thus provitamins of this vitamin. 

To date, almost all the known vitamins, except a very few, are 
produced synthetically on a commercial scale. At the present stage 
of development of vitaminology, scientists are interested in the 
mechanism of vitamin action. It was established that vitamins be- 
come biocatalysts when a considerable part of the vitamins is con- 
verted in the cells of an organism into their active form—a co-enzyme. 
Lhis opens the way for artificial synthesis of co-enzymes to be used 
in medicine instead of vitamins. This is especially important in 
disturbances of the intracellular biosynthesis of co-enzymes from 
vitamins. An example of the artificial creation of a co-enzyme is the 
synthetic co-carboxylase (thiamine pyrophosphate). 

Great attention is being devoted to this field of research at present. 
Some co-enzyme drugs are already being produced by Soviet enter- 
prises, namely, lipoic acid and its amide regulating lipid and carbo- 
hydrate metabolism in an organism, the mononucleotide of ribo- 
flavine (an ester of riboflavine and phosphoric acid) administered 
when there is a lack of vitamin B, in an organism and flavinate 
(a co-enzyme of vitamin B,), and phosphatylamine (a co-enzyme of 
vitamin B,). 

Classification. Initially there was a letter classification of vita- 
mins, i.e. the letters of the Latin alphabet were used to designate 
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vitamins as they were discovered. When the number of discovered 
vitamins began to grow, numerical subscripts were added to the 
letters, for example B,, B,, B;, Bg, etc. 

Since the letter classification reflects neither the biological nor 
chemical essence of vitamins, it was proposed to classify them by 
their physiological action, namely, vitamin A was given the name 
axerophthol because a lack of this vitamin in an organism causes 
xerophthalmia—an eye disease; vitamin EK was given the name toco- 
pherol (Gk tokos birth, and pherein to bear), etc. 

But this classification does not make it possible to combine the 
constantly growing number of vitamins with a certain common fea- 
ture into separate groups, which became extremely necessary. 

In this connection, a physical classification was proposed, by 
which all the vitamins are divided into two large groups: soluble 
in fats (A, D, E, etc.) and soluble in water (vitamins of the B com- 
plex, folic acid, etc.). 

As the chemical structure of vitamins was established, it became 
possible to classify vitamins according to their chemical structure. 

In addition to the adopted chemical classification, however, to 
date the letter and physical classification of vitamins are encountered 
in a number of publications. 

The chemical classification divides all vitamins into four main 
groups: 1. Vitamins of the aliphatic series. 2. Vitamins of the 
alicyclic series. 3. Vitamins of the aromatic series. 4. Vitamins 
of the heterocyclic series. 

Each of these groups has subgroups combining vitamins in accor- 
dance with specific features of their chemical structure. 


30.1. ALIPHATIC DERIVATIVES 
Ascorbic Acid (Vitamin C) (Acidum ascorbinicum) 
2,d-Dehydro-L-gulonic acid y-lactone (3-Keto-L-gulofuranolactone) 


HO OH 
H >= 
O 
O 
HO—CH 
CH,OH 
C,H,O, M.m. 176.13 


Prior to 1912, it was not known that the severe disease scurvy 
was due to a lack of vitamin C, although already at the end of the 
19th century the Russian physician V. Pashutin advanced the idea 
that scurvy appears owing to a lack in the organism of a very impor- 
tant substance. In 1922, N. Bessonov isolated from cabbage a crystal- 
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line substance healing scurvy, while in 1928 the Hungarian scientist 
A. Szent-Gyérgyi separated trom the adrenal cortex a substance of 
an acidic nature with sharply pronounced reducing properties and 
a molecular mass of 176. Since this substance healed scurvy, it 
was called ascorbic acid (from the Latin scorbut scurvy). 

When determining the structure of ascorbic acid, it was established 
that the acid can form a tetramethyl ether, which points to the 
presence of four hydroxyl groups in its molecule. In the catalytic 
hydrogenation of ascorbic acid, one mole of hydrogen is absorbed, 
which confirms the presence of a double bond in its molecule. [t was 
also established that the ascorbic acid molecule contains a lactone 
ring. All these data led to the conclusion that ascorbic acid is a 
y-lactone of 2,3-dehydro-L-gulonic acid: 


HO OH 
Ba 
VI 
HC-OH COOH -~H,0 
HO—C--H HO—CH 
| 6 
2,3-Dehydro-a-gulonic Ascorbic acid 
acid (2,3-Dehydro-L-gulonic 


acid-y-lactone) 


The synthesis of ascorbic acid in 1933 confirmed its structure. The 
acid is synthesized commercially from D-glucose, which is produced 
in large amounts when starch is decomposed by sulphuric acid. 

The ascorbic acid molecule has two asymmetric carbon atoms 
(C-5 and C-6), which underlies the existence of four optical isomers; 
all of them have been produced synthetically. 

Ascorbic acid is a white crystalline powder with an acidic taste. 
[t dissolves readily in water, is soluble in alcohol, and is insoluble 
in ether, benzene, and chloroform. Its melting point is 190-193 °C 
(with decomposition). Ascorbic acid behaves like a monobasic acid. 
Its acidic properties are due to the hydrogen of the hydroxyl group 
in position 3, and it is this hydrogen that forms salts: 


me OH NaO OH 
H NaOH HI 
Ht — O 
O O 
HO—CH HO—CH 
CH.OH CH,OH 
Sodium 


ascorbate 
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The enediol group of the ascorbic acid molecule is responsible for 
its chemical properties and physiological activity: 


=< 


HO OH 


Owing to the mobility of the hydrogen atoms of the enol hydroxyl 
groups, ascorbic acid is readily oxidized, and this can occur in two 
steps. The first oxidation step is a reversible process when the ascorbic 
acid is oxidized to dehydroascorbic acid (the keto form), which can be 
reduced again to ascorbic acid: 


HO OH O O 
H H 
O =— O 
O O 
nomen HO—CH 
CH.0OH CH,OH 
Eno! form Keto form 


oa 


{ dehydroascorbic acid) 


In the second step, the oxidation process in an aqueous medium 
can proceed further, up to the decomposition of the dehydroascorbic 
acid. This process is irreversible, hence the decomposition products 
cannot be converted again into ascorbic acid, and the physiological 
activity is lost. 

An important property for the manifestation of the physiological 
activity of ascorbic acid is its reversible oxidation to dehydroascorbic 
acid, i.e. the oxidation-reduction ability of ascorbic acid. In this 
case, it can be a donor, i.e. it donates two hydrogen atoms and is 
oxidized to the dehydro form, or can be an acceptor of hydrogen, 
which is attended by conversion to the enol form. Owing to the re- 
versibility of these processes, ascorbic acid can be a carrier of hydro- 
gen in enzyme systems and, consequently, participate in the oxida- 
tion-reduction processes in an organism. With a view to this impor- 
tant physiological role of ascorbic acid in the first oxidation step, 
various stabilizers are added to the acid when preparing its solu- 
tions for injections. Anexample of such stabilizers is sodium hydro- 
gen sulphite. It is also necessary to provide the appropriate condi- 
tions for the storage of these solutions (the absence of light and no 
contact with metals, especially with salts of iron). 

To identify ascorbic acid, its ability to participate in oxidation- 
reduction reactions is taken advantage of: 
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(a) when ascorbic acid is reacted with a silver nitrate solution, 


the silver is reduced (a dark precipitate); the acid itself is oxidized 
and transforms into the keto form: 


OH 
2AGNO, 
O + 2As | +2HNO,; 
HO— 1, HO— me 
Li OH bn 2,OR 


(b) when ascorbic acid is reacted with a solution of 2,6-dichloro- 
phenolindophenol (coloured blue), the latter is reduced and trans- 
forms into the colourless leuco base: 


HO— 7 
i OH 2,6-Dichlorophenolindopheno! 
( blue) 
— Reo DOp= 
HO— 1, 
Leuco base 
bH.0H colourtess 


In addition to these two reactions recommended by the State 
Pharmacopoeia, many others can be cited that are based on the 
reducing properties of ascorbic acid: 

with Fehling’s solution; copper(II) is reduced to red copper(I): 


HO OH O O 
H H KR H 
O KOOC—C—— C—COONa O+Cu,0 
O + | —_— O° Red 
QO - 
HO—CH Cu HO—CH 


| 
CH:0H CH.0H 
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with a potassium permanganate solution; the solution loses its 
colour because of reduction of MnQO;z to Mn??: 


HO OH O O 
ae — H 
QO + KMn0O, —- O + Mn?* 
O QO 
HO-—-CH HO—CH 
| 
CH,QH CH,OH 


with potassium ferricyanide in the presence of dilute hydrochloric 
acid and with the following addition of iron(III) chloride; Berlin 
blue forms that colours the solution blue: 


HO OH 
H= K,[Fe(CN),} H 
O + hate O + H, [Fe(CN}),] 
O HCL O 
HO—CH HO—CH 


3H,[Fe(CN),] + 4FeCl, > Fe,[Fe(CN),], + 12HCI 


Berlin blue 


ascorbic acid forms violet iron ascorbate with an iron(II) salt 
after first being transformed into a sodium salt (by a reaction with 
sodium hydrogen carbonate): 


HO OH NaOQ- OH 
H == H = 
O + NaHco, — 0+CO,f +H,0 
O O 
HO—CH HO—CH 
| 
CH,OH CH,OH 
NaO OH O- OH 
H)}— Hy= 
2 O +FeSO, —+ —© |Fe** + Na,SO, 
O O 
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The quantitative determination of ascorbic acid is also based on 
its chemical properties. Jodimetry is the official method. Here a 
potassium iodate solution is the titrant. Titration is performed in 
the presence of potassium iodide and hydrochloric acid (starch is 
the indicator) until a stable blue colour appears: 


K10, + 5KI + 6HCl > 31, + 6KCl + 3H,O 


HO OH O O 
H = Hy 
O+!, == O + 2HI 
O 6) 
HO—CH HO—CH 
| 
CH,OH CH,OH 


The content of ascorbic acid in solutions is also determined iodimet- 
rically, but here it must be remembered that ascorbic acid solutions 
contain a stabilizer—sodium hydrogen sulphite NaHSO;, which as 
a reducing agent can react with iodine. Therefore a formaldehyde 
solution (formalin) is preliminarily added to the ascorbic acid solu- 
tion to bind the sodium hydrogen sulphite, and the iodine is thus used 
only to oxidize the ascorbic acid: 


HO—S—ONa+HCH — H,C—O—SO,Na 
| I | 
O O OH 
Ascorbic acid can also be determined quantitatively by neutrali- 
zation aS a monobasic acid: 


HO OH NaO £OH 
ae — H>= 
O O 
non HO—CH 
CH.OH CH,0OH 


A change in the structure of the ascorbic acid molecule leads either 
to a decrease in or a loss of its vitamin activity. The physiological 
activity of ascorbic acid is substantially lowered or completely lost 
when the number of carbon atoms in its molecule increases. 

At present, over ten isomers and analogues of ascorbic acid are 
known that are its antagonists. Among the known antivitamins of 
ascorbic acid, the most potent are D-ascorbic acid (I) and D-glucoas- 
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corbic acid (II) whose molecule contains one more carbon atom than 
the ascorbic acid molecule: 


HO OH HO OH 
—— H =H 
6) O 
O O 
HC—OH ng OF 
CH.OH HCOH 
CH.OH 
I Tr 


Crystalline ascorbic acid is stable, but it rapidly oxidizes in 
aqueous solutions and loses its biological activity, especially in the 
air in the presence of traces of metals (owing to catalysis), and in 
an alkaline or acidic medium. The first indication of decomposition 
of ascorbic acid is the appearance of a yellow tint. 

It is administered orally, intramuscularly, and intravenously. It 
is dispensed in the form of 0.05-g powders and tablets, and in am- 
poules containing 1 or 5 ml of a 5% solution. 

Ascorbic acid is often prescribed in combination with glucose 
(tablets of ascorbic acid with glucose) or rutin (ascorutin). It is con- 
tained in polyvitamin drugs. 


30.2. ALICYCLIC DERIVATIVES 


RETINOLS (GROUP A VITAMINS) 
Retinol Acetate (Retinoli acetas) 


H,C CH; CH, CH, 


| cH 
Ses OCOCH, 


CH, 


CoH 5.0. M.m. 328.50 

It was considered for many years that the action of vitamin A is 
exhibited only by substances contained in products of an animal ori- 
gin, chiefly insea and fresh-water fish, and especially in cod liver. It 
is exactly from these natural sources that vitamin A was produced 
for a long time. 

It was later established that some substances of a plant origin 
such as carotenes separated from carrots and turnips also have the 
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action of vitamin A. When they get into an organism, the carotenes 
are transformed by enzymes into vitamin A, consequently they 
are provitamins of vitamin A. 

At present, this group of vitamins is called carotenoids in the 
international nomenclature. It includes the carotenes and the group 
of vitamins A (retinols). 

Of the three main natural carotenes (a-, B-, and ‘-carotenes), 
B-carotene has the highest physiological activity because it is 
oxidized and decomposed in an organism to form two molecules of 
vitamin A, whereas the other two carotenes can form only one 
molecule. 

The oxidation of B-carotene can be shown schematically as fol- 
lows: 


H,C CH; CH; CH; CH, CH;- HiC CH, 
H H | H HH | HH,H H | HHHdI HH 
[a] C=C—C=C—C=C—C=C—C=C—C=C—C=Cc—C=C—c= [0] 
1 2 3 4 5 A 7 8 9 10 «+41 —— 
CH; 8-Carotenoid H3C 
HC CH; CH; CH; H,C CH; CH, CH, CH 
2 
29 WW LYT NG Aa 1@) WW WY OH 
CH; CH, 
6-Carotina! Carotinol 
(vitamin A) 


The formulas show that B-carotene has two B-ionone rings (a and b); 
a vitamin A molecule has a similar ring. The carbon chain of B-caro- 
tene consists of 22 carbon atoms, four of them being in branched methyl 
sroups. The system of conjugated double bonds in the carbon chain 
of the carotene molecule underlies its chemical transformation 
such as hydrogenation and oxidation. 

Depending on the oxidizing agent, the carotene chain can break 
at one of the double bonds with the formation of an aldehyde (caro- 
tenal). The carbon polyene chain of the resulting aldehyde can 
have a various length depending on the double bond at which the 
chain was broken. The reduction of carotenals yields alcohols—caro- 
tenols. 

If oxidation of carotene occurred at the sixth double bond of its 
molecule (as shown above), 6-carotenal is produced which when re- 
duced forms the carotenol known as vitamin A. 

Vitamin A is produced synthetically for medical purposes. 

In its chemical structure, retinol is an unsaturated primary alcohol 
that can be oxidized to an aldehyde (carotenal) and can form esters 
with acids. The esters of retinol have a higher stability than retinol 
itself. The acetate (retinol acetate) has the highest physiological 
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activity, therefore it has been adopted as an international standard 
and is a pharmacopoeia! drug. 

Retinol acetate forms white or pale yellow crystals with a weak 
odour. It is soluble in alcohol, chloroform, ether, and fatty oils, 
and is virtually insoluble in water. 

Retinol yields colour reactions with solutions of antimony/(II]) 
chloride, arsenic(III) chloride, and glycerin dichlorohydrin. 

The official reaction is that with an antimony(III) chloride solu- 
tion in chloroform. The product has a blue colour. The melting point 
of retinol acetate is 53-57 °C. 

The quantitative determination of retinol acetate is based either 
on its reaction with a chloroform solution of antimony(III) chloride 
(the photocolorimetric method) or on measurement of the absorption 
in the ultraviolet part of the spectrum of alcohol or chloroform solu- 
tions of the vitamin. 

The State Pharmacopoeia recommends the spectrophotometric 
determination of retinol acetate in an alcohol solution. In this case, 
the optical density of an alcohol solution of the drug (prepared 
from an exactly weighed sample) is measured in a spectrophotometer 
in a cell with a Jayer thickness of 1 cm at a wavelength of 326 nm. 
The absorption peak corresponds to this wavelength. By comparing 
the magnitude of the absorptivity (extinction coefficient) a for the 
solution being tested with the absorptivity of a standard solution, 
one can calculate the content of retinol acetate by the relevant for- 
mula. Since retinol acetate can be readily oxidized, it is stored in 
ampoules sealed in a stream of nitrogen at a temperature not exceed- 
ing +9 °C. 

Another pharmacopoeial preparation of retinol is a solution of 
retinol acetate in oil: Solutio Retinoli acetatis oleosa 3.44%, 6.88%, 
8.60%. 

A retinol acetate solution in oil is a transparent oily liquid rang- 
ing in colour from light yellow to dark yellow. 

In addition to the reaction with an antimony(I1I) chloride solu- 
tion, the State Pharmacopoeia recommends identifying the drug by 
finding the absorption peak in the ultraviolet part of the spectrum, 
which for an alcohol solution of the drug should correspond to a 
wavelength of 326 + 1 nm. 

The State Pharmacopoeia recommends determining the acid num- 
ber for an oil solution of retinol acetate. This number characterizes 
not only the identity of the drug, but also the degree of its purity 
and should not exceed 1.0. 

The quantitative determination is performed by spectrophoto- 
metry similar to the crystalline preparation. 

In 1937, vitamin A, was isolated from the livers of fresh-water 
fish. Its biological activity is 40% of that of vitamin A. These two 
substances have a close molecular mass and chemical properties. 


25—01542 
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The structural formula of vitamin A, differs from that of vitamin A 
in that the B-ionone ring has another double bond, hence it is called 
dehydroretinol: 


H.C_ CH, CH; = CHs Gy 
SAL ™ OH 


CH, 


Vitamin A, 


A substance similar in its properties and action to vitamin A, but 
having a different absorption spectrum, was discovered in whale liv- 
ers. This substance was named vitamin As. 

Retinol antivitamins. The hydroxylation of a double bond of a 
retinol or B-carotene carbon chain yields compounds with an antivi- 
tamin activity, i.e. retinol antivitamins: 


Antivitamin A 


The oxidation of retinol also yielded an antivitamin A having 
the following structure: 


OH Cc 
WW’ No 


Antivitamin A 


Vitamin A is very important for an organism. It is required for 
the growth and reproduction of cells and facilitates normal meta- 
bolism. It is also needed for normal functioning of the organ of vi- 
sion. In avitaminosis A, the first to be affected is the organ of vision 
(night blindness); a prolonged deficiency of vitamin A may cause 
xeroma (xerophthalmia), a disease characterized by a dry shrunken 
appearance of the conjunctiva. 

Vitamin A preparations include cod liver oil, dragée and oil 
solutions containing it, and also a synthetic vitamin A—axerophthol 
acetate. 

Preparations of vitamin A should be stored in a place protected 
from light at a temperature up to 10 °C. It is listed in Group B. 
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CALCIFEROLS (GROUP D VITAMINS) 


Vitamin D is a specific vitamin required to prevent avitaminosis 
associated with rickets in children. This disease is due to the distur- 
bance of salt metabolism, chiefly of calcium and phosphorus. The 
main importance of vitamin D is that it promotes the absorption of 
calcium and phosphorus from the bowel, which ensures the minerali- 
zation of the teeth and bone tissue of a growing organism. 

Vitamin D is contained in large amounts, in addition to vitamin 
A, in the liver and fat tissues of fish, especially cod, and in the liver 
of the seal and other sea animals. It is contained in small amounts in 
the yolks of eggs, in caviar, butter, and milk. 

Observations revealed that vegetable oils such as linseed and 
cottonseed oils, and also some animal fats and oils (cod liver oil) 
after their irradiation by ultraviolet light acquire antiricket proper- 
ties. Consequently, light stimulates the formation of an active sub- 
stance preventing rickets, which was later called vitamin D. It was 
subsequently found that not the fats and oils themselves, but the 
sterols contained in them acquire an antiricket activity under the 
action of light. Sterols are an important constituent part of plant and 
animal organisms. 

For example, cholesterol, contained in almost all the tissues of ay 
animal organism, has the structure of a sterol: 


CH, GMs 


Cholesterol 


Sterols of a plant origin (phytosterols) such as ergosterol first iso- 
lated from the ergot and then from yeast, differ from cholesterol ip 
having two additional double bonds in their molecule, one of which 
is in the side chain: 


Ergosterol 


25* 
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Later ergosterol was produced from the residues of penicillin pro- 
duction and from a specially cultivated species of mould. 

Investigations showed that not all sterols yield vitamin D when 
irradiated. If cholesterol is irradiated by ultraviolet light, the prod- 
ucts do not reveal any activity against rickets, whereas the irra- 
diation of ergosterol yields a highly active product—vitamin Dg. 
Consequently, ergosterol is the provitamin of D,. 

Vitamin D, is not obtained directly when ergosterol is irradiated, 
but via a number of intermediates: 


CH, 


Ergosterol 


HO’ 


Ergocalciferol 
(vitamin D, } 


The conversion of one substance into another in the irradiation 
of ergosterol depends on the wavelength. The maximum absorption 
of light is observed at 265 nm (in hexane or ether), which is character- 
istic of the formation of vitamin D,. Further irradiation results in 
the formation of suprasterol and toxisterol, which no longer have 
the activity of vitamin D, and are very toxic. To prevent their forma- 
tion, the process of photolysis must be controlled very thoroughly 
with no excessive radiation tolerated. 

Of major significance in photolysis is the choice of the light source, 
solvents, and duration of irradiation. Generally an argon-mercu- 
ry-quartz lamp is employed as the light source. 

After the irradiation of ergosterol and purification of the photol- 
ysis products, two substances with a different degree of activity 
are obtained: (1) vitamin D,—irradiated ergosterol with an admixture 
of lumisterol, and (2) vitamin D, (ergocalciferol)—irradiated ergo- 
sterol purified of all admixtures and having a high antirachitic activ- 
ity. 
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Of major significance for the manifestation of antirachitic activ- 
ity is the structure of ring b in the sterol molecule, which is opened 
between carbon atoms 9 and 10 with the formation of a third double 
bond (see the formula of vitamin D,). The presence of a double bond 
in a side chain of a sterol molecule is not essential, but there must 
be three double bonds in a molecule. 

Thus, only those sterols have an antirachitic effect when irradia- 
ted that have two double bonds in ring b. 

It is thus clear why cholesterol does not yield a physiologically 
active product after direct irradiation (there is only one double bond 
in ring b of its molecule). To obtain a product with antirachitic 
activity from cholesterol, its molecule should be aromatized prior 
to irradiation, i.e. the lacking double bond should be introduced 
into ring b, and only then should it be irradiated. The product is 
cholecalcifero!l, called vitamin D,: 


CH, CH, 


Aromatizatton 
of ring b 


CH; HO H;,C CH, 


Cholesterol 7-Dehydrocholestero} 
(provitamin D; ) 


Cholecalciferol 


The vitamins D,, D,;, Dg, and others differing from vitamin D, 
only in the side chain in the sterol molecule are produced in a sim- 
ilar way when their provitamins (the relevant sterols) are irra- 
diated. 

Thus, the term “vitamin D” has a collective meaning that includes 
the entire group of compounds with a D-vitamin activity similar in 
their chemical structure. 

Vitamin D, (ergocalciferol) in the pure form is composed of colour- 
less prismatic or acicular crystals without an odour. Its melting 
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point is 120-121 °C. It is dextrorotatory. All the calciferols are sol- 
uble in all the conventional organic solvents and in fats, and are 
insoluble in water. 

Crystalline vitamin D, is unstable and in two or three days begins 
to decompose at room temperature. When heated above 125 °C, it 
decomposes. But in oil solutions protected from the action of light, 
vitamin D, can retain its activity for several years. 

In a neutral and alkaline medium, vitamin D, is stable thermally, 
while in an acidic medium it decomposes. The presence of small 
amounts of toxisterol and other irradiation products in solutions 
of vitamin D, lowers the stability of the vitamin. 

Vitamin D, is identified by its reaction with an antimony(III) 
chloride solution. Here an orange-pink colour appears, while vita- 
min A produces a blue colour with this reagent. 

Other colour reactions are also known, namely, with pyrogallic 
acid, trichloroacetic acid, saccharose, aromatic aldehydes, etc. All 
these reactions can be used both for a qualitative and quantitative 
determination of the vitamin. 

The pharmacopoeial preparation of vitamin D, is a 0.125% solu- 
tion of ergocalciferol in oil (Solutio Ergocalciferoli oleosa 0.125%). 
vt is a transparent oily liquid from a light yellow to a dark yellow 
colour. 

The preparation is identified with an antimony/(II1) chloride 
solution and by thin-layer chromatography. It is recommended 
to determine the content of the preparation by photoelectrocolori- 
metry, employing the colour reaction with an antimony(III) 
chloride solution. 

The main function of vitamin D is regulation of the phosphorus 
and calcium metabolism in an organism, promoting of the absorption 
of these substances by the bowel and their deposition in growing 
bones. Vitamin D is dispensed in the form of the following drugs: 

(1) vitaminol—an oil solution of ergosterol irradiated by ultra- 
violet light. It is dispensed in 10- and 35-ml1 bottles; 

(2) an alcohol solution of vitamin D dispensed in 35-ml bottles; 

(3) dragée of vitamin D; and 

(4) cod liver oil containing vitamin D together with vitamin A. 

Vitamin D preparations including cod liver oil should be stored 
in dark glass bottles in the dark without the access of air because 
these factors deactivate vitamin D: the oxygen of the air oxidizes it, 
while light converts it into the very poisonous toxisterol. 
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30.3. HETEROCYCLIC DERIVATIVES 


HYDROXYMETHYLPYRIDINE DERIVATIVES 
(GROUP Be VITAMINS) 


Vitamins of this group contain the pyridine ring in their molecules. 
The main representative is vitamin B,, which combines a group 
of three related compounds that are widespread in nature, namely, 
pyridoxine (pyridoxol), pyridoxamine, and pyridoxal. 

These substances are close in their chemical structure and can 
transform into one another: 


H O 
Y/, 
CH,0OH \ 7 CH,NH, 
H HO 
MON Z~—cH,0H O\Z~-cH,OH Z~—CH.OH 
— i = | = ~ | 
H,C N H5C N H;C N 
Pyridoxine Pyridoxal Pyridoxamine 


( pyridoxo!) 


The pyridoxine vitamins in an organism are converted into pyridox- 
al- and pyridoxamine-phosphate proteids, i.e. co-enzymes, that 
play the role of catalysts in nitrogen metabolic processes: 


H O 
\_ 4 
C O CH.NH r 
HO | HO 
One Cyto 
~ . . 
H,c° ON i H:C~ SN bf 
ge ; ge 
Protein Protein 
Pyridoxal- phosphate proteid Pyridoxamine-phosphate proteid 


Vitamin Bg participates in various transformations of amino acids 
in an organism (reactions of transamination, decarboxylation, desul- 
phuration, etc.). It has been established that the products of con- 
version of pyridoxol, i.e. pyridoxal and pyridoxamine, mainly act 
in an organism, hence pyridoxol is a provitamin of vitamin Bg. 

Vitamin B, was first obtained in the crystalline form from yeast 
in 1937 by Soviet researchers, and in 1938 from rice bran in the 
USA. 

Vitamins of the B, group are thermally stable:and stable in acids 
and alkalies, but are not stable to oxidizing agents. Light  pro- 
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motes oxidation processes, which must be taken into consideration 
in their storage. The pharmacopoeia! preparation of vitamin Bg is 
pyridoxine hydrochloride. 

Pyridoxine Hydrochloride (Pyridozint hydrochloridum) 


2-Methyl-3-hydroxy-4,5-di(hydrozymethyl)pyridine hydrochloride 


CH,OH 
HO 7F- CH.OH - HCI 
H,C~ ~N 
C,H,,NO,-HCI M.m. 205.64 


{t is prepared synthetically. Pyridoxine hydrochloride is a white 
finely crystalline powder with a bitter and acidic taste. It dissolves 
readily in water, sparingly in alcohol, and is practically insoluble 
in ether. Its aqueous 1% solutions have a pH of 3.0 to 3.2. 

The chemical properties of this vitamin are due, on the one hand, 
to the properties of the pyridine ring, and on the other to the proper- 
ties of the substituents in the ring. Tertiary nitrogen in the molecule 
underlies the reactions of precipitation of pyridoxine hydrochloride 
by complex acids, i.e. by phosphotungstic and silicotungstic acids, 
Dragendorfi’s reagent, and other alkaloid reagents. 

The phenol hydroxyl group is detected by a reaction with an 
iron(ili) chloride solution (a red colour that vanishes when a few 
drops of dilute sulphuric acid are added) and by a coupling reaction 
with 2,6-dichloroquinonchlorimide (a blue indophenol dye forms). 
This reagent reacts only with phenols in which the para-position is 
not substituted. The latter two reactions are official ones. 

Two methods are recommended by the State Pharmacopoeia for 
the quantitative analysis of pyridoxine hydrochloride: 

({) acid-base titration in non-aqueous media: 


CH,OH 
CH,COOH 
HOV CH,OH -HCL + 2HCLO, + Hg(CH;COO), —_—_—__- 
7 . | anhydrous 
H,C” ‘N 
CH.OH 
HO 
—- HgCl, + 2 ~ | CHLOH 


ClOZ + 2CH;COOH 


~~ 


+ 
H3;C” ~N 
H 
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(2) neutralization with respect to the bound hydrochloric acid. 
A weighed sample of the drug is titrated with an alkali using a 
bromothymol blue indicator until a light blue colour appears: 


CH.OH CH,OH 
HO HO 

Z . CH,O0H-HCL+NaOH a CH.OH . Naci+H,0 
H,C SN H,C SN 


Pyridoxine hydrochloride is used to treat toxicosis in pregnancy, 
pellagra (together with nicotinic acid), various kinds of parkin- 
sonism, acute and chronic hepatitides, etc. 

The drug is prescribed for oral, subcutaneous, intramuscular, 
intravenous administration. 

It is dispensed in powders, tablets, or in ampoules containing 
1 ml of a 1% or 5% solution. 

It should be stored in well closed orange glass jars in a cool place, 
tablets and ampoules—in a place protected from light. 


PYRIMIDINE-THIAZOLE DERIVATIVES 
(GROUP B, VITAMINS) 


Vitamin B, (thiamine) is one of the first vitamins from which the 
science of vitaminology began. Its discovery was associated with 
interesting observations. At the beginning of the present century, the 
disease beriberi (Singhalese, reduplication of beri, weakness) became 
endemic in eastern and southern Asia, and among sailors. lts name 
is associated with diseases of the motor and sensory nerves. 

Physicians explained the cause of this disease differently. Some 
considered it to be the result of infection, others found its origin in 
the use of polished rice. 

This disease was produced in poultry given polished rice, and 
was called polyneuritis. It was found that polyneuritis in poultry 
and beriberi in humans is the same disease caused by the absence 
of a substance in polished rice. The Polish biochemist K. Funk later 
succeeded in isolating this substance first from rice bran, and then 
from yeast. It was originally named aneurin(e), and later, after its 
chemical formula was established, thiamine, because an amino 
group and sulphur were detected in its molecule. 

Vitamin B, (thiamine) is of major significance for an organism. 
It is a part of the coenzyme cocarboxylase that catalyzes the reac- 
tions of decarboxylation of pyrotartaric acid whose accumulation 
in the process of carbohydrate metabolism disturbs the normal func- 
tioning of the nervous system and causes polyneuritis. This is the 
main biological role of vitamin B,. 
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In addition, thiamine diphosphate (a coenzyme) is contained in 
many other enzymes bound to a protein. Thiamine is also associated 
with the function of the haemopoietic organs, and participates in 
the metabolism of carbohydrates, fats, and mineral salts. 

Vitamin B, is contained in large amounts in yeast and the germ 
and bran of cereals, and in rye and wheat bread. 

Originally thiamine was produced from natural sources—rice bran 
and yeast, but the yield of pure thiamine was insignificant. For 
example, only 5 g of pure thiamine were obtained from a tonne of 
rice bran, and 0.29 g from a tonne of yeast. Such a low yield of the 
product could not satisfy the demand for this vitamin, and synthe- 
tic methods of producing it were put on the agenda. 

The synthesis of thiamine was preceded by a great deal of work 
to establish the structure of natural thiamine. The latter was subject- 
ed to sulphite decomposition at a pH of 4.8-5 and at room temper- 
ature. Two substances were obtained, namely, pyrimidineamino- 
sulphonic acid (I) and 4-methyl-5-hydroxyethylthiazole (II): 


mo 
| 
Asn HC C—-CH.CH,0H 


HAC NH, Ns 


Studying of the decomposition products of the natural vitamin 
B, revealed that its formula consists of two heterocycles—a pyri- 
midine one (a) and a thiazole one (b) bound together by a methylene 
group: 


CHeN 
LE 
1a? Nag _ 
2 34 Re 2Cl 
S + CH ‘ae —OH 


The structure of the thiamine molecule was finally established 
by R. Williams and was later confirmed by synthesis. 

Inspection of the formula of thiamine reveals that the pyrimidine 
ring contains an amino group (NH,) in position 4; it imparts basic 
properties to the compound and, consequently, an ability to form 
salts with acids. 

The thiazole ring contains a methyl group in position 4 and a hydro- 
xyethyl group in position 0 that can produce esters with acids. The 
nitrogen in position 3 of the thiazole ring underlies the formation 
of quaternary ammonium salts (in the given case, the chloride of 
the quaternary ammonium salt). Hence, the chemical name of thia- 
mine is 3-(4-amino-2-methy]l- -5-pyrimidylmethy]) )--(2-hydroxyethyl)- 
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4-methylthiazolium chloride hydrochloride. This formula was con- 
firmed by the synthesis of thiamine. 

The chemical properties of thiamine are chiefly determined by the 
thiazolium ring, which under the influence of an alkali (NaOH) 
decomposes and transforms into the open thiol form. The action of 
an acid (HCl) causes the latter to form thiamine again: 


CHa CH, 
NZ ) CH, skeet. N= ) Ny CH, 
H.C NH, CL H,C NH, H SH ,. 
Le CH, 
HO~ HO” 


Open thiol form 


The thiol form retains the physiological activity of vitamin B,, 
and a variety of modified derivatives of the thiol form of vitamin 
B, were produced and studied (especially disulphide thiamine deriv- 
atives). These compounds attracted attention because the enzyme 
thiaminase, produced by the normal intestinal microflora and con- 
tained in considerable amounts in fish products, decomposes vitamin 
B, in an organism, but does not decompose the thiol derivatives 
of thiamine. Since the latter are physiologically active, the vitamin 
can be retained in the amount needed by an organism. 

Of the other thiamine derivatives, of interest for medicine are 
the ethers of thiamine with phosphoric acids formed owing to the 
hydroxyethyl group of thiamine (a primary alcohol group). 

The thiamine taken in with food is absorbed from the intestines 
via the blood into the tissues, where it is subjected to phosphoriza- 
tion. The formed thiamine diphosphate (TDP) or cocarboxylase is a 
biological catalyst participating in the decarboxylation of pyrotar- 
taric acid. The latter, being a product of carbohydrate metabolism, 
has a toxic action on the nerve cells, causing polyneuritis: 


CH; 
Nv) rr OH ) 
H3C NH, S —CH. 
| | 
Cocarboxylase OH 


Cocarboxylase has been produced synthetically and its hydrochlo- 
ride is a medicinal preparation. 

For thiamine to exhibit a physiological action, its molecule must 
be specific. A change in the structure of the molecule and sepa- 
rate functional groups results in a sharp change in the physiological 
action of the vitamin. For example, if the amino group in position 4 
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of the pyrimidine ring is replaced with a hydroxyl group, the physio- 
logical activity disappears. Replacement of the methyl group in po- 
sition 4 of the thiazole ring with an ethyl one halves the activity of 
the vitamin, while when this group is simultaneously introduced in 
position 2 of the pyrimidine ring, it is reduced six times. All other 
changes in the thiamine molecule, for example, transition of the 
amino group to position 4 and the introduction of substituents into 
the pyrimidine ring lower its activity scores and hundreds of times, 
while sometimes a complete loss of the biological activity occurs. 

The thiazole ring also affects the physiological activity of vitamin 
B,. In a number of cases, its replacement with other heterocyclic 
systems yields compounds paralyzing the action of vitamin By,. 
For example, the imidazole analogue (I) and 2-n-butylpyrimidine 
analogue (II) are antagonists (antivitamins) of vitamin B,. The 
pyridine analogue (III) is a still stronger antagonist: 


NZ ) a oe il 

we SN NH; Ct \ CH, 
Hoe 

on NY on 
7 se NN NHCt Ns cH 
a 


| 


CH, 
CH, CH,—CH,0H 
a [od Ng \ 2cr 
S + 
N°“ SNH; = 


H,C 


In recent years, another synthetic antagonist of vitamin B, has 
been discovered, namely, 2-trifluoromethylthiamine: 


CH, CL 
nA oc 
xx + Ks | 
HC NH,CL CH 
aC | 
CH 
/ 2 
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It has been established that this inhibitor suppresses the deve- 
lopment of leukaemia. The pharmacopoeial preparations of thiamine 
are thiamine bromide and thiamine chloride. 


Thiamine Bromide (Thiamint bromidum) 


3-(4-amino-2-methyl-5-pyrimidylmethyl)-5-(2-hydroxyethyl)-4- 
methylthiazolium bromide hydrobromide 


CHa 
Y 
Tk “oO I CMs Br - HBr - 1/2H,0 
H,c~ N° “NH, H,—CH,— | 
C,,H,;BrN,OS-HBr- [H,0 M.m. 435.2 


Thiamine bromide is a white powder, sometimes with a slightly yel- 
Jowish tint, having a weak specific odour. It dissolves readily in wa- 
ter and methanol, with difficulty in ethanol, and is insoluble in ether. 

In a strongly acidic medium, thiamine bromide is stable and does 
not decompose even under the action of oxidizing agents such as 
hydrogen peroxide, potassium permanganate, and ozone. At a pH of 
3.0, thiamine can be heated to 120 °C without any decomposition. 
Vitamin B, does not decompose or become oxidized under the action 
of light and oxygen, but decomposes rapidly in an alkaline medium 
with the formation of the open thiol form. 

The oxidation of the thiol] form of thiamine is used to identify 
the drug. The State Pharmacopoeia recommends the reaction of for- 
mation of a thiochrome. When thiamine hydrobromide is reacted 
in an alkaline medium with a potassium ferricyanide solution, a 
yellow thiochrome forms, while in ultraviolet light an intensively 
blue fluorescence appears that vanishes with acidification and again 
appears when the solution is alkalized: 


Cha K,[Fe (CN), ] 
kw CL [eet chor 
3NaQOH 


ba. 
HO~  , 
CH 

a oN CH; CH, 
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~ — -CH,—CH,— OH — H30" 
H,c° N NIH, ieee Ss“ (Na) 
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Thiochrome 
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The drug gives the characteristic reactions for bromides. 

The State Pharmacopoeia recommends determining the content 
of thiamine bromide by the gravimetric method. For this purpose, 
a hot solution of the drug acidified with hydrochloric acid is treated 
with silicotungstic acid 12WO,-SiO,-12H,O. The formed precipi- 
tate of a complex salt is filtered through a preliminarily weighed 
glass filter, and is rinsed with hot dilute hydrochloric acid and ace- 
tone. The filter with the precipitate is dried over phosphorus(V) 
oxide at 100-105°C up to a constant mass. The mass of the precip- 
itate multiplied by 0.25 corresponds to the amount of thiamine 
bromide whose content in the drug should be at least 98%. 

The content of the drug can also be established by argentometry 
after its neutralization with an alkali (NaOH) using bromothymok 
blue as the indicator: 


NA CHa it 4 CH, , adh 
Asn A. we 
H.C NH;Br~ CH 
Ho 
CH, - | 
yZ- ee (eee 2AgNO; 
—_—» } | + NaBr 
SN L 
H.C NH, 1 
CH 
HO~ - 
CH NO 
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The difference between the number of millilitres of the silver nit- 
rate solution and that of the sodium hydroxide solution is conver- 
ted to thiamine bromide (the official method). 

The vitamin B, drugs thiamine bromide and thiamine chloride 
are taken orally and parenterally in B, avitaminosis, neuritis, neu- 
ralgy, and peripheral paralysis. 

Thiamine bromide is dispensed in powders, dragée, tablets, and 
ampoules containing 1 ml of 3% or 6% solutions. 

It should be stored in sealed containers protecting it from the ac- 
tion of light. 
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Thiamine Chloride (Thiamini chloridum) 


3-(4-amino-2-methyl-5-pyrimidylmethyl)-5-(2-hydroxyethyl)- 
4-methylthiazolium chloride hydrochloride 


CHsN 


a 
1. CL -HCL 
N CH, —CH,—OH 
7 NN NH, Uo 


C,.H,,CIN,OS- HCl M.m. 337.27 

Thiamine chloride is a white crystalline hygroscopic powder 
with a weak characteristic odour. It dissolves readily in water, spar- 
ingly in ethanol, and is insoluble in ether, acetone, benzene, and 
chloroform. 

lts chemical properties and methods of analysis are similar to 
those of thiamine bromide. 

The content of thiamine chloride is determined by acid-base titra- 
tion in non-aqueous media (the official method): 


N= CHa Cl CH CH.COOH 
As | } | +Hg(CH,COO),+2HCLO, ————— 
H.C SN RH M CH,—CH,—-OH anhydrous 
3 3 
Cl” 
, CLO, 


~~ 
_, oe wat + HgCl, + 2CH,COOH 
Tekw cu, —or 


NH, ClO, 


For the quantitative analysis of thiamine chloride in tablets, the 
State Pharmacopoeia recommends the fluorimetric method with a 
reaction of thiochrome formation. 

it is dispensed in powders, tablets, dragée, and ampoules contain- 
ing 1 ml of 2.5% and 5% solutions. 

The storage conditions are the same as for thiamine bromide. 
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30.4. ISOALLOXAZINE DERIVATIVES 
{GROUP B, VITAMINS} 


Riboflavine (Riboflavinum ) 
6 ,7-Dimethyl-9-(D-1-ribityl)-isoalloxazine 
CH,~—[CH(OH)],-—-CH,OH 
| 
H; 
peed: 
Z NH 
H.C i 4 
0 
Ci 7HeoN,O, M.m. 376.37 
Vitamin B, was first isolated from milk whey in the form of a yellow 
pigment called lactochrome. Next “Warburg’s yellow enzyme” con- 
sisting of a protein and a yellow dye was isolated from yeast. The 
dye was identified as vitamin B, and was called lactoflavine. Similar 
yellow pigments (flavins) were isolated from egg yolks (ovoflavin), 
lemons (citroflavin), the liver (lyochrome), and so on. 
All these flavins in the pure form had an identical B,-vitamin 


activity and in their chemical structure was found to be the same, 
all of them containing the isoalloxazine nucleus: 


+H 
N N 
9 71 = 0 
Wek 4 3NH 
N 

O 


Examination of the formula reveals that the isoalloxazine nucleus 
is a condensed system of three rings, namely, pyrimidine (1,2,3,4), 
pyrazine (9,10), and benzene (5,6,7,8). After the lactoflavine mole- 
cule was found to contain the sugar ribose, the name “lactoflavine” 
was changed to “riboflavine”’. The latter name of-vitamin B, is still 
in use at present. 

Riboilavine is a group name combining all the flavins with B,-vi- 
tamin activity and similar in structure to vitamin 5b,. Riboflavine 
is encountered in the free form only in milk, urine, and in the retina 
of the eye. In all other natural sources (yeast, liver, wheat, barley, 
spinach, tomatoes), it is in the form of mono- or dinucleotides (co- 
enzymes). It is contained in the form of a co-enzyme in a number of 
enzyme systems regulating the oxidation processes in cells. 

Riboflavine participates in the synthesis of proteins and fats, in- 
fluences the state of the central nervous system, and the metabolism 
processes in the cornea and retina of the eye, i.e. the function of 
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vision. Insufficient vitamin B, in an organism first of all affects the 
mucous membrane of the mouth and eyes. 

The structure of riboflavine was established by studying the pro- 
ducts of its decomposition and complete synthesis. The latter was 
carried out in 1935 by P. Karrer and his co-workers. 

Since the recovery of riboflavine from natural sources is an in- 
volved process with a very low product yield, at present the vitamin 
is produced only synthetically. 

Riboflavine is a yellow-orange crystalline powder. The crystals have 
the form of needles or druses. Riboflavine has a weak specific odour 
and a bitter taste. It dissolves only slightly in water, is insoluble in 
alcohol, ether, acetone, benzene, and chloroform. It dissolves in 
alkali solutions. 

Neutral aqueous solutions of riboflavine have a bright greenish 
yellow colour due to the presence in the molecule of a chromophor 
(azomethine) group: 


When illuminated by ultraviolet light, riboflavine solutions 
produce an intensive green fluorescence due to the presence of a free 
imine group in position 3 of the isoalloxazine nucleus. When an 
alkali or acid solution is added to a fluorescing solution, the fluores- 
cence vanishes. When sodium hydrogen sulphite is added, the col- 
our also vanishes because of the reduction of the riboflavine to the 
colourless compound leucoriboflavine, which when oxidized again 
transforms into riboiflavine: 


CH.—ICH(OH)],—CH,OH CH,—[CHI(OH)],;—CH,OH 
| a. Ly 
H;C NOANS NaHSO HC N N 
TOE eS 
4‘ 
H.C >N% [0] HAC N 
Pa 7 H 
7 6) 
Riboflavine Leucoriboflavine: 
( yellow) { colourless) 


This reaction is employed to identify the drug. 

The ability of riboflavine to participate in oxidation-reduction 
reactions, due to the labile azomethine group (singled out by dashed 
lines) also underlies the biological activity of riboflavine. 

Riboflavine can form esters with acids via the primary alcohol 
group of the sugar ribose. The ester of riboflavine with concentrated 
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sulphuric acid is coloured crimson and can be used to identify the 
drug. 

Riboflavine forms complexes insoluble in water with salts of the 
heavy metals (Fe, Co, Ni, Zn, Cu, Ag). Some of them are coloured 
and can also be used for the identification of riboflavine. For exam- 
ple, riboflavine forms an orange-red complex with a silver nitrate so- 
lution in a neutral medium. This reaction can be used to identify 
riboflavine if there are no substances that can be oxidized by the 
rides) nitrate (such as ascorbic acid) or react with it (such as ha- 
ides). 

Riboflavine is stable to oxidizing agents and heating. This distin- 
guishes it from the other vitamins of group B. When heated in al- 
kaline solutions, however, riboflavine rapidly decomposes. Its sta- 
bility under the action of light is still greater. In light, it is unstable 
in both an acidic and an alkaline media. For example, when ribo- 
flavine is illuminated in an alkaline medium, lumiflavine forms, 
while in a neutral or weakly acidic medium lumichrome forms. In 
either case, the physiological activity of riboflavine disappears: 


CH.—~-[CH(OQH)],—CH,OH 
| 
HC N 
eee 
Z NH 
HC N 
O 


Under the action of Under the action of 
light In a neutral or light in an alkaline 
slightly alkaline medium | medium 


H,C 
psec“ eee: 
Z NH 4 NH 
H.C NT HC N 
7 O 
Lumichrome Lumiflavine 


Lumiiflavine and lumichrome can be undesirable admixtures in 
riboflavine when the drug is stored improperly. 

Riboflavine is optically active (this is due to the presence in the 
tibityl chain of three asymmetric carbon atoms). It is levorotatory 
in weakly alkaline solutions, and has no optical activity in acidic and 
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neutral solutions. This is why the State Pharmacopoeia recommends 
determining the specific rotation of its alkaline solution (of a defi- 
nite concentration), which should range from —110° to —4130°, to 
identify and check the purity of the drug. 

Biological and physicochemical methods, namely, fluorometry, 
colorimetry, and spectrophotometry, are mainly employed for the 
quantitative analysis of riboflavine at present. The first of them is 
based on the ability of aqueous riboflavine solutions to produce an 
intensive yellow-green fluorescence. The colorimetric methods use 
colour reactions, i.e. Denigés’s reagent (a solution of mercury(I]) 
sulphate) as a result of which an orange colour appears; with a silver 
nitrate solution at a pH of 6.5-7.2, a red or pink-red colour appears 
(depending on the riboflavine concentration). | 

The State Pharmacopoeia recommends determining the amount of 
riboflavine by spectrometry because it can absorb radiant energy 
at a definite wavelength. 

To exhibit vitamin B, activity, the riboilavine molecule must 
be specific. Even negligible changes in the structure of the molecule 
involve a decrease or complete vanishing of its activity. For exam- 
ple, the removal of the methyl groups from positions 6 and 7 or their 
transfer to positions 5 and 8 destroys the biological activity. 

The main antagonists (antivitamins) of vitamin B, are: 


1 R 
Cl H,C | NH, 

NUN 3 N ; 

KER . cr 
Z NH 
CL N H,C N 
O NH, 
6, 7-Dichtoro-9-ribity!- 2,4-Diamino-6,7-dimethy!-9-ribityl 
isoalloxazine dihydrophenazine 


R 
|. 
ISOC 
Neg NH 
H;C 
CH, O 


Isoriboflavine 


where KR is ribose. 

Of substantial importance for the exhibition of vitamin B, activity 
is also the presence of a free imino group in position 3 of the pyri- 
midine ring. The methylation of this imino group destroys the vi- 
tamin properties. This is apparently associated with the ability of 
the phosphoric ether of riboflavine to form an enzyme with a pro- 
tein only via the imino group. 
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The presence of an imino group in the riboflavine molecule is 
also important because the physiological activity of the latter de- 
pends directly on the fluorescence produced by this group. An impor- 
tant role is also played by the nature of the carbon chain in position 
9 of the molecule. 

The replacement of the ribityl residue by another carbohydrate 
chain destroys the activity of the compound. A saccharose of the type 
of methylpentose is required to retain the vitamin activity. 

The basic indications of B, deficiency in humans are diseases of 
the mucous membrane in the mouth cavity and lips, lesions at the 
angles of the mouth and on the lips, and inflammation of the skin 
near the ears and eyes. One of the specific symptoms of vitamin B, 
deficiency is a disease of the eyes (itch, burning, lacrimation, blurred 
vision) that transforms into inflammation of the eyeball with the 
development of a cataract. Vitamin B, deficiency often causes anae- 
mia and dermatitis. This explains the wide use of riboflavine to 
treat diseases such as stomatitis, dermatitis, conjunctivitis, and 
cataracts. 

Riboflavine is prescribed for oral taking in powders, tablets, dra- 
gée, and in eye drops (a 0.01% solution), and is dispensed in these 
forms. 

With a view to its decomposition in the light, riboflavine should 
be stored in well closed orange glass jars, and tablets in a place 
protected from light. 


30.5. COBALAMINS (GROUP B,,. VITAMINS} 


Vitamin B,, was discovered in 1948, when a dark red crystalline 
substance having a high activity against malignant (pernicious) 
anaemia was isolated from liver extract. The substance was called 
vitamin B,,. Its empirical formula shows that it contains cobalt, 
which determined its name cobalamin. 

Vitamin B,, is encountered widely in products of an animal ori- 
gin, especially in the internal organs of fish, whale liver, and the 
meat of mollusks. It is also contained in poultry manure, the putre- 
fied sludge of sewage refuse, and in thestomach contents of ruminant 
animals. 

Further studies revealed that vitamin B,., unlike all the other 
vitamins, is synthesized by microorganisms, including bacteria, 
moulds, and actinomycetes. In a human and animal organism, vitam- 
in B,,. is synthesized by the microflora of the intestines, whence it 
is supplied and accumulated in the liver, kidneys, and intestine walls. 

Prior to the discovery of vitamin B,,, no cases were known of the 
synthesis of vitamins by microorganisms. When it was established 
that vitamin B,,. is synthesized in the human organism by micro- 
flora in the intestines, nutrient media were developed for the arti- 
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ficial biosynthesis of vitamin B,,. by microorganisms. The addition 
of cobalt salts to them stimulates the biosynthesis of the entire 
vitamin. The most active strains of actinomycetes and bacteria were 
Streptomyces griseus (producing the antibiotic streptomycin), 
Bacillus megatherium, and the bacteria of propionic acid fermenta- 
tion. They are what has been begun to be used for the commercial pro- 
duction of vitamin Bypo. 

In the Soviet Union, the production of vitamin B,, is combined 
with the production of the antibiotic streptomycin, since they are 
synthesized from the same actinomycete (Streptomyces griseus). By 
changing the technological conditions, one can carry out the bio- 
synthesis to obtain either vitamin B,, (the addition of cobalt salts 
to the nutrient medium), or streptomycin. 

The molecule of vitamin B,, has a very complicated structure. 
Jts central part has a porphyrin-like structure containing a cobalt 
atom and a cyano group forming a coordination complex, the co- 
balt having a coordination number of six. The cyano group bound 
to the cobalt determines the name of vitamin B,,—cyanocobalamin. 


Cyanocobalamin (Cyanocobalaminum ) 


CH,OH 
OF! H 
H;C N 7° _ 
. O—P —0O—CH—CH, 
LD rer 
H3C N 0 CH, 
: 
1° 
H:-NCOCH.CH,}/CH, CH, CH, 
40 | 


CH.CONH, 
H.zNCOH.C * | 


cH, CH cH.cH.CONH, 
CysHasCoN,,0,,P M.m. 1355.40 
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The vitamin B,, molecule consists of two parts: 

(1) a nucleotide, that is 5,6-dimethylbenzimidazole bound to 
the monosaccharide ribose, which is joined by an ether bond to 
phosphoric acid; 

(2) a cobamide—the central part of the molecule, which is an 
amide of the hexabasic cobaminic acid containing cobalt. Cobamin- 
ic acid is based on a porphyrin system similar in its structure to 
blood haemin and chlorophyll. The only difference is that the inor- 
ganic element in haemin is Fe?*, in chlorophyll is Mg?*, and they 
have pyrrole rings. In the vitamin B,,. molecule, on the other hand, 
Co?* is present, and the pyrrole rings are reduced to pyrroline and 
pyrrolidine ones. 

In the vitamin B,, molecule, the carboxyl groups of the hexabasic 
cobaminic acid are present in the form of amides, which is why 
the cobalt-containing part of the molecules is called cobamide. The 
cobamide part of the molecule has three free acetamide and three 
free propionamide groups. The fourth propionamide group binds the 
cobamide part of the molecule to the nucleotide via a propiol residue. 

Thus, in the chemical respect, vitamin B,. can be considered as 
a diether of phosphoric acid (one ether bond joins the phosphoric 
acid to the ribose, and the other to the propiol residue of the co- 
bamide), in which the free negative charge of the phosphoric acid is 
neutralized by one positive charge of the cobalt. This is why the 
vitamin B,, molecule can be considered as an inner salt. 

The structure of the vitamin B,, molecule was elucidated by 
D. Hodgkin (USA) in 1955 using A-ray crystallography (she was 
awarded the Nobel prize for this work in 1964). The complicated 
structure of the molecule was confirmed by complete chemical synthe- 
sis carried out in 1972 by the well-known organic chemist R. Wood- 
ward (USA). 

Research has shown that under specific conditions, various analo- 
gues of vitamin B,, can be obtained because the CN group in its 
molecule can be replaced by other groups of atoms. For example, 
the mild hydrolysis of vitamin B,,. yielded vitamin B,,.., contain- 
ing a hydroxy group instead of the CN one; for this reason it was 
called hydroxocobalamin. Under other conditions, nitritocobalamin 
containing a nitroso group (NQ) instead of the CN group was prepared. 
Also known are sulphito-, iodo-, chlorocobalamins, and so on. 
When reacted with cyanide, these analogues again transform into 
cyanocobalamin. In this connection, all these analogues exhibit the 
physiological activity of vitamin B,, to a various degree. 

Other derivatives of vitamin B,, were also obtained by changing 
the structure of the nucleotide part of the molecule. It was exactly 
the existence of a large number of vitamin B,, analogues having 
a smaller or larger degree of biological activity that determined the 
group name of cobalamins. 
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Antagonists of vitamin B,. were discovered comparatively re- 
cently, during the last decade. One of the most potent antivitamins 
of vitamin B,, is the structural analogue of the nucleotide part of 
its molecule, namely, 2,0-dimethylbenzimidazole. It differs from 
the vitamin in that the methyl group of the benzene ring has been 
transferred to position 2 of the nucleotide molecule from position 6: 


H 
N 
ra t 
6 
i> 
HC N 


2,5-Dimethylbenzimidazole 


The pharmacopoeial preparation of vitamin B,., cyanocobalamin, 
is a dark red crystalline powder having neither an odour nor a taste. 
It dissolves sparingly in water, is soluble in alcohol, and is insol- 
uble in benzene, chloroform, ether, and acetone. The vitamin B,, 
powder is hygroscopic, which must be taken into consideration when 
storing the drug. 

Aqueous solutions of cyanocobalamin have a neutral reaction, and 
their colour ranges from bright red to pale pink depending on the 
concentration. 

Vitamin B,. crystals do not have a specific melting point. At 300- 
320 °C, they begin to melt with decomposition and become darker. 
When burnt, cobalt is detected in the residue. Its content in the vi- 
tamin is 4.5%. 

The spectral characteristic of vitamin B,, is mainly used to 
identify and establish its purity. Vitamin B,, solutions have a 
characteristic absorption spectrum, namely, two peaks in the ultra- 
violet region of the spectrum at wavelengths of 278 and 361 nm, 
and one peak in the visible region of the spectrum at a wavelength 
of 548 nm. The absorptivities (extinction coefficients) a at these points 
are 115, 27, and 64, respectively. This spectral characteristic 
distinguishes vitamin B,, from its derivatives, which in the majority 
of cases do not produce a characteristic absorption at the given 
wavelengths. 

Colour reactions can also be used to identify cyanocobalamin. 
For example, the State Pharmacopoeia recommends the reaction with 
a solution of a nitroso-P-salt C,,H,(NO) (OH) (SO,Na), after de- 
composition of the cyanocobalamin and the creation of a definite 
pH of the medium. The nitroso-P-salt can be replaced with 1-nitroso- 
2-naphthol: 


NO 


or 
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Both reagents form a red complex with cobalt after decomposition 
of the vitamin molecule. 

These colour reactions can also be employed for the quantitative 
analysis of the vitamin by photocolorimetry. Photometric methods 
based on the natural colour of vitamin B,, solutions are often used 
for a quantitative estimate of the vitamin. Spectrophotometry is 
the official method for the quantitative analysis of cyanocobala- 
min. 

Vitamin B,,. is absorbed poorly when taken orally, therefore it 
is administered intramuscularly, subcutaneously, and intravenous- 
ly. In addition to the crystalline drug, the State Pharmacopoeia 
lists a cyanocobalamin solution for injections (Solutio Cyanocobala- 
mini pro injectionibus). 

Vitamin B,. solutions are prepared with an isotonic sodium chlo- 
ride solution. 

Vitamin B,, is effective against anaemia. It is needed for normal 
haemopoiesis and maturation of the erythrocytes. It participates in 
the synthesis of labile groups, and in the formation of choline, me- 
thionine, and nucleic acids. It is widely used to treat malignant anae- 
mia. 

It is dispensed in ampoules containing 30, 100, 200, or 500 ug 
of cyanocobalamin in 1 ml of an isotonic sodium chloride solution. 

The crystalline drug should be stored in well closed jars in a place 
protected from light because vitamin B,, absorbs up to 12% of mois- 
ture when stored with the access of air. Ampoules should be stored 
in a dark place. 


REVIEW QUESTIONS 


. What chemical properties does ascorbic acid exhibit? 
. Why does ascorbic acid have four stereoisomers? 
. Which ascorbic acid isomer has the highest physiological activity? 
. What are the acidic properties of ascorbic acid due to? 
. How can one explain the oxidation of ascorbic acid? 
. Explain the oxidation-reduction ability of ascorbic acid from the chem- 
ical viewpoint. 

7. What chemical properties of ascorbic acid are used for its identification 
and quantitative determination? 

8. Why should ascorbic acid solutions not be stored for a long time and 
why is sodium metabisulphite added to them? 

9. What explains the amphoteric properties of nicotinic acid? 

10. Explain the role in the human organism of the vitamins C, B,, and 
nicotinamide (PP factor) (give a substantiation for each vitamin separately 
proceeding from its chemical properties). 

41. What chemical properties of thiamine is the reaction of formation of 
a thiochrome based on? 

42. Why can riboflavine participate in oxidation-reduction reactions? 

13. What requirements must the storage of vitamin B,, meet and why? 
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PRACTICAL LESSON 


Analysis of a 5% Ascorbic Acid Solution 


1. Perform identification reactions: 

add two drops of a silver nitrate solution to 1 ml of a solution of the drug; 
a gray precipitate forms. Write the equation of the chemical reaction. 

2. Conduct a quantitative analysis (iodimetry): 

put 5 ml of the drug solution into a 100-ml measuring flask, add water up 
to the mark, agitate the mixture, transfer 5 ml of the diluted solution into 
a flask for titration, and titrate with a 0.1 N iodine solution up to a straw-yellow 
colour. Write the equation of the chemical! reaction. 

3. Evaluate the content of ascorbic acid in the solution in per cent by for- 
mula (1.2): 
VATV;, VK X 0.008 806 x 100 


av, > 100= 5.0 %5.0 


where V is the volume of the 0.1 N iodine solution, ml, 7 = 0.008 806 g/ml, 
ais the volume of the drug taken for the analysis, ml, V, is the volume of the 
drug solution after the first dilution, ml, and V, is the volume of the aliquot 
part of the diluted solution taken for titration, ml. 

4. Conclude whether the content of ascorbic acid corresponds to that indi- 
cated for the solution submitted for analysis. 

5. Can ascorbic acid be analysed quantitatively by a different method? 


Chapter 3]. Antibiotics 


The term antibiotic was first proposed by 8S. Waksman (USA) (from 
the Latin anti, against and bios, life). By this term, he understood 
substances formed by microorganisms and having an antimicrobic 
action, i.e. acting against the fundamental vital properties of mi- 
crobes. Subsequently, substances having antibiotic properties were 
discovered in plants (phytoncids) (V. Tokin), in the blood of humans 
and animals (erythrin) (L. Zilber and L. Yakobson), and in other 
natural sources. In this connection, the concept of an antibiotic ex- 
panded, and today by antibiotics one should understand specific 
products of vital activities having a high physiological activity with 
respect to definite groups of microorganisms (viruses, bacteria, acti- 
nomycetes, fungi, algae, protozoa) or to malignant tumours, selec- 
tively retarding their growth or completely suppressing their de- 
velopment. 

The science of antibiotics began to develop in the 1940s, when 
penicillin, a potent chemiotherapeutic agent against bacterial in- 
fections, was discovered. 

As a result of great work performed by Soviet scientists and the 
medical industry of the USSH, the production of the most important 
antibiotics was organized during a comparatively short period. 

The search for antibiotics requires the close collaboration of micro- 
biologists (the finding of producents of new antibiotics), chemists 
(the isolation of active substances from the cultural liquid of the 
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producents), chemotherapeutists, pharmacologists, and histologists 
testing the physiological action of new antibiotics in experiments on 
animals. Here the participation of engineers and technologists having 
at their disposal the special equipment needed to obtain the new 
antibiotics in amounts required for their further study is also essen- 
tial. 

The development of antibiotics in the USSR is associated with 
the names of outstanding Soviet scientists: Z. Yermolyeva, M. She- 
myakin, G. Gauze, M. Brazhnikova, A. Khokhlov, 8. Navashin, 
and many others still working fruitfully to date. 

About 3000 antibiotics are known at present, of which about 300 
have a chemiotherapeutic action. 

In their chemical nature, antibiotics are organic substances re- 
lating to the most diverse classes of compounds. Antibiotics, un- 
like other products of vital activities, have two characteristic 
properties: 

(1) they exhibit a high biological activity with respect to or- 
ganisms sensitive to them. They exhibit a high physiological action 
even in very small concentrations: for example, penicillin has a 
bactericidal action with respect to bacteria sensitive to it in a con- 
centration of 0.000 001 g/ml; 

(2) they have a selective action. Each antibiotic exhibits its action 
only relative to separate organisms or groups of organisms, not ex- 
hibiting a noticeable action on other forms of microorganisms. For 
example, penicillin retards the development of only some Gram- 
positive bacteria (coccus, streptococcus, etc.) and does not act on 
Gram-negative bacteria, fungi, or other groups of microorganisms. 
Thus, each antibiotic is characterized by its own specific, antimicro- 
bic spectrum of action. 

The commercial production of antibiotics is generally carried out by 
biosynthesis and has many common stages: the selection of highly 
productive strains and nutrient media, the process of biosynthesis, 
the isolation of the antibiotic from the cultural liquid, and its pu- 
rification. 

The intensity of biosynthesis of an antibiotic depends first of all on 
the properties of the producent strain. The majority of natural 
strains have a low activity and cannot be employed for commercial 
purposes. Consequently, after selecting the most active natural 
strain of an antibiotic producent, a variety of procedures and methods 
based on the laws of genetics are used to raise its productivity. 

Of major importance for the biosynthesis of an antibiotic is the 
finding of the rational composition of the nutrient media; the latter 
are determined in accordance with the producent strain. Various 
strains have various requirements to their nutrition, therefore the 
composition of the nutrient media cannot beconstant for all the produ- 
cents. 
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At present, the “submerged” method is used exclusively for the 
commercial production of all antibiotics. This signifies that the 
mycelium grows in the bulk of the medium, and not only on its sur- 
face. This is achieved by continuous vigorous agitation and aeration 
of the medium. The air used for aeration must be sterile and supplied 
in very fine bubbles so that the oxygen dissolves well in the medium 
and is assimilated by the microorganism. 

The methods of isolation and purification of antibiotics are very 
diverse and are determined by the chemical nature of the antibiotic. 
Preference is given to ion-exchange chromatography and other 
modern physicochemical methods. 

Methods of analysis. Unlike other groups of natural compounds 
(alkaloids, glycosides), antibiotics have no group reactions for their 
qualitative identification. The latter is based on the individual 
chemical structure and the functional groups, which give distin- 
euishing reactions, chiefly colour ones. Spectral analysis is widely 
used at present for the identification of antibiotics. 

A variety of biological, chemical, and physicochemical methods 
are employed for the quantitative determination of antibiotics. The 
biological methods are based on the direct biological action of an 
antibiotic on a test microorganism sensitive to it. The greatest use 
has been found by the method of diffusion in agar with turbidimetric 
measurement of the concentration of the test-microbe cells forming 
a definite optical density of the medium (turbidity) as a result of 
their growth in the presence of a small amount of antibiotics. But 
the biological methods of control are time-consuming, and the 
accuracy of the analysis results depends on many external fac- 
tors. 

Recently, growing popularity has been gained by chemical and 
physical methods for the quantitative analysis of antibiotics. The 
greatest preference has been given to photocolorimetry and spectro- 
photometry. They are based on the use of specific properties of the 
antibiotics, namely, colour reactions and the appearance or vanish- 
ing of characteristic bands in the ultraviolet or infrared regions of 
the spectrum under the action of various reagents (acids, alkalies, 
etc. ). 

Classification. The great diversity of the already studied antibiot- 
ics that differ greatly from one another in their biological, physical, 
and chemical properties has made it necessary to classify them. To 
date, however, there is no generally adopted viewpoint on this 
matter, and the approaches to the classification of the antibiotics 
are meanwhile determined by the professional interests of scientists. 
Biologists studying the producents of antibiotic substances and the 
conditions of their formation find it best to adopt a biological classi- 
fication with a view to the biological origin of the antibiotics. Chem- 
ists involved in antibiotics synthesis consider a chemical classi- 
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fication of the chemical structure of the antibiotics to be most ex- 
pedient. 

As a result, two main types of classification, i.e. biological and 
chemical, prevail in the literature. 

In accordance with the chemical classification proposed by 
M. Shemyakin, A. Khokhlov, and others (1961), and taking into 
account later information, the antibiotics known at present can be 
combined into the following groups: antibiotics of the acyclic series 
(fatty acids, acetylenes, polyenes, sulphur- and nitrogen-containing 
compounds); antibiotics of the alicyclic series [derivatives of cyclo- 
pentane (sarcomycin, etc.), cyclohexane, and of cycloheptane, and 
tetracyclines (compounds based on the structure of tetracycline)]; 
antibiotics of the aromatic series (chloromycetine, etc.); antibiotics 
of the heterocyclic series (penicillin, etc.); antibiotics-macrolides 
(erythromycin, etc.); aminoglycoside antibiotics (streptomycins, 
neomycins, etc.); and antibiotics-polypeptides (gramicidins, poly- 
myxins, etc.). 


31.1. DERIVATIVES OF THE HETEROCYCLIC SERIES 


PENICILLINS (B-LACTAMIDES) 


The discovery of penicillin is associated with the name of the 
Scottish microbiologist A. Fleming. In 1929, when growing a cul- 
ture of staphylococci in his laboratory, he discovered a strain of 
a mould in one of the Petri dishes around which the growth of the 
staphylococci was delayed. Fleming isolated this fungus, i.e. mould, 
and discovered antibiotic properties in it. However, the healing 
properties of green mould were known long before Fleming’s discov- 
ery to the Russian scientists V. Manasein and A. Polotebnov, who 
in 1871 published their observations on the healing action of green 
mould, named further as Penicillium notatum. But these discoveries 
found no practical development at that time, and only in 1939- 
1940, when penicillin was first obtained in the crystalline form, did 
the interest in this antibiotic grow substantially. The first peni- 
cillin was produced in the USSR in 1942 by Z. Yermolyeva. It 
was first introduced into medical practice at the fronts of World War 
Ii and saved the lives of thousands of Soviet soldiers. 

The high effectiveness of penicillin against the pathogens of a 
number of severe diseases made researchers intensify their search for 
the producents of this antibiotic. 

It was found that representatives of the genus Penicillium are 
the most suitable for the commercial production of the drug. The 
mould fungi Penicillium notatum and Penicillium chrysogenum are 
the most productive strains of this genus. 
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The antibiotic substance produced by these moulds consists of 
several penicillins close in their chemical structure and having the 
general formula 


H 
R—C—N s\c CM: 
| b a CH, 
O jel COOH 
O 
where R can vary depending on the type of penicillin. The molecule 
of a penicillin is based on penicillanic acid consisting of two con- 


densed heterocyclic rings—-a five-membered thiazolidine one (a) 
and a B-lactam one (b): 


S CH; 
1 
6 b 5 3 2 CH, 
J eae COOH 


Penicillanic acid 


Ihe presence of a carboxyl group imparts strong acidic properties 
to a penicillin molecule, therefore penicillin readily forms salts with 
alkaline (Na, K) and alkaline-earth (Ca, Mg, Ba) metals, and also 
with organic bases such as dibenzylethylenediamine [the drug bi- 
cillin (benzathine penicillin)]. 

Position 6 of the penicillin molecule is occupied by an acylated 
amino group. In different penicillins, it is acylated with various 
acid radicals, whence the names of the penicillins originate. For 
example, medical penicillin, which is a derivative of phenylacetic 
acid, is called benzylpenicillin: 


H S 
N COOH 


l 
0 


O 


-Benzylpenicillin 


If R is ¢ \—o—c,— (phenoxymethyl), such a_ penicillin 
is called phenoxymethyl penicillin. The radical R can also have 


an aliphatic structure. Among the natural penicillins, the most fre- 
quently encountered radicals R are as follows: 


H,C—CH =CH—CH ~CH— penteny!penicillin— 


= ct \ penicillin F 
, benzylpenicillin—penicillin A? 


—H, ct So , p-hydroxybenzy]penicillin— 
penicillin X 
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—H,C—H,C—(CH,),—CH, hepty!penicillin—peni- 
cillin K 
—H,C —ot \ phenoxymethy!penicillin— 
penicillin V 


Of the greatest importance are benzylpenicillin and phenoxy- 
methylpenicillin because they have the highest therapeutic activity. 
Benzylpenicillin is the main constituent part of medical penicillin. 

The structure of penicillin was established according to the pro- 
ducts of its decomposition and isomerization. Penicillin decomposes 
under the influence of acids, alkalies, and mercuric chloride. Its 
rapid destruction in their presence is due to the lactam ring (b). 

Penicillin was synthesized for the first time in 1946, but the pro- 
cess did not gain commercial significance owing to the very low yield 
of the product (from 0.03 to 0.22%). To date, none of the proposed 
variants of penicillin synthesis can be used for its commercial pro- 
duction owing to the intricate nature of the process and the short 
supply of the starting chemical substances, and also to the very low 
yield of the pure product. Thisis why penicillin is produced exclu- 
sively by the biological method in the industry. 

The medical industry of the USSR produces crystalline penicillin 
in the form of the sodium, potassium, and novocaine salts of benzy]l- 
penicillin, and also phenoxymethylpenicillin. All these drugs are 
pharmacopoeial ones. 


Benzylpenicillin Sodium (Potassium) Salt 
[(Benzylpenicillinum-natrium (kalium )] 


S CH, 


H 
H.C.— H,C—C—N CH, 
i COONa (K) 


O 
C,.H,,NaN,0,8 M.m. 356.38 
C,.H,,KN.0,8 M.m. 372.49 


Benzylpenicillin Novocaine (Procaine) Salt 
(Benzyl penictllinum-novocainum ) 


C,H; 
+/ H * <u | 4 
HN iN C. ee Tk. . 
0 SAH. CQO 


C, eH, ,N,048-C,3,H,)N,.0,°H,O . M.m. 088, 70 
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Phenoxymethylpenicillin 
(Phenoxymethylpenictllinum) 


CH, 


H * : 
H.C,--O-—- ee EN CH, 
O N COOH 
O 


Ci gti gN 2059 M.m. 390.40 

All these drugs are white finely crystalline powders with a bitter 
taste. They decompose readily under the action of alkalies and 
oxidizing agents, when heated in aqueous solutions, and also under 
the action of the enzyme penicillinase. 

Except for phenoxymethylpenicillin, they also readily decompose 
under the action of acids. The potassium and sodium salts of benzyl- 
penicillin dissolve readily in water, while phenoxymethy]penicillin 
and the novocaine (procaine) salt of benzylpenicillin dissolve spar- 
ingly in it. 

The reaction of formation of coloured hydroxamates of metals after 
alkaline hydrolysis (the lactam ring) in the presence of hydroxylam- 
ine chloride and the following addition of a solution of a heavy metal 
salt is a group reaction for penicillin drugs. For example, iron hydro- 
xamates of a red colour are formed with iron(III) salts (FeCl,), and 
copper hydroxamates of a green colour, with copper salts: 


H 
R—C—N Kon _NH.OH - HCL R—c—N——S CH, 
ll prt COOR’ NaOH i C HN CH; 


Yr COOR’ 
O NHOH 
Cu(NOQ,); S C 
C 
fC HN _ Tee 
O NHO-——Cu 


To distinguish penicillin drugs from one another, a reaction with 
chromotropic acid in the presence of concentrated sulphuric acid is 
used. Here the sodium and potassium salts of benzylpenicillin give 
a brown colour, phenoxymethylpenicillin gives a blue-violet co- 
lour, and the novocaine salt of benzylpenicillin—a red-brown co- 
lour (the reaction is not official). 

The quality of penicillin drugs is determined by: (a) the pH of 
the medium potentiometrically, (b) the colour of the solution dur- 
ing 24 hours at 10 °C, (c) the specific rotation, and (d) the absorptiv- 
ity a at a definite wavelength. 

The drugs must be tested for toxicity, pyrogenic properties, and 
sterility, which are established by biological procedures. 
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Methods of quantitative analysis. Like the other antibiotics, the 
activity of penicillin drugs is determined by biological, chemical, 
and physicochemical methods. 

Of the chemical methods, iodimetry after the alkaline hydrolysis 
of the drugs is the most widespread. 

The quantitative analysis of penicillin drugs consists in: 

1. Iodimetrical determination of the sum of the penicillins after 
the drugs have been hydrolyzed with an alkali (for all penicillin 
drugs). Since penicillin itself is not oxidized by iodine, but the 
products of its alkaline hydrolysis are oxidized, a weighed sample 
of the drug is preliminarily treated with an alkali and left at room 
temperature for about 20 minutes. The resulting penicillaminic acid 
decomposes into penaldic acid and penicillamine, and it is exactly 
the latter two substances that are oxidized by an iodine solution added 
to the reaction mixture in excess. Depending on the pH of the me- 
dium, eight or nine iodine equivalents are spent on the oxidation. 
An acetate buffer is employed to create a pH of 4.5 (in this case eight 
iodine equivalents are spent): 


S CH, 
H,C,.—-CH,— C—NH CH, 
! Tc, 
| O |fOHT] 
S CH, 
HsC.— CH: —C—NH———7" "cu, 
C 
0 y SHIN COOH 
O H 


Penicilloinic acid 


| H aa 


| VA N77 3 

H;-C.— ns ae iS ; \cH, 
O COOH H, N—CH—COOH 

Penaldic acid Penicillamine 

| \, {31, 

; HO, SS pens 

l | ‘CH; 
O COOH H, N—CH—COOH 

Phenylacetylaminomalonic acid Penicillaminic acid 


exc. I, + 2Nago20s —_> 2Nal -|- Nay5,0¢ 


Simultaneously, a control test is run, i.e. an excess of a titrated 
iodine solution and an acetate buffer solution are added to another 
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portion of the drug. As in alkaline hydrolysis, 20 minutes later the 
excess iodine is titrated with sodium thiosulphate. The difference 
in the volumes of the sodium thiosulphate for the two titrations 
corresponds to the content of the sum of the penicillins in the drug. 

2. Benzylpenicillin in drugs containing its potassium, sodium, 
and novocaine (procaine) salts is determined by the gravimetric me- 
thod based on the formation of the N-ethylpiperidine salt of benzyl- 
penicillin (the gravimetric form): 


CH, 


! OOH _ 

O C N 

CH. 

«CH: 

H.C,—CH,—C—NH van (.) 
—— - +- 
I N COO . 

O /\ 


N-Ethylpiperidine salt 
of benzylpenicillin 


For the novocaine salt of benzylpenicillin, the State Pharmaco- 
poeia requires that novocaine (procaine) be determined by neutrali- 
zation in addition to the above two analyses. For this purpose, a 
sodium carbonate solution is added to the drug and the novocaine 
base precipitates, which is extracted with chloroform. An excess 
of acid is added to the chloroform solution of the novocaine base. 
The acidic aqueous layer is separated, and the excess acid is titrated 
with an alkali solution (the drug should contain at least 37.5 and 
at most 40.5% of novocaine). 

Phenoxymethylpenicillin is analysed quantitatively in two steps: 

1. The sum of the penicillins is determined by iodimetry preceded 
by alkaline hydrolysis. 

2. Phenoxymethylpenicillin is determined by spectrophotometry 
(the solvent is a5% sodium hydrogen carbonate solution at 
Amax == 268 nm). 

Of the physicochemical methods for the quantitative analysis 
of penicillin drugs, preference has been given to photocolorimetry 
based on the formation of coloured hydroxamates. Methods of chro- 
matographic analysis of penicillin have also been developed that 
are employed to determine the content of various types of penicil- 
lin in a mixture. 

The concentration of penicillin is generally expressed in activity 
units. One milligramme of the sodium salt of benzylpenicillin con- 
tains 1667 units, and one milligramme of the potassium salt con- 
tains 1600 units. 


27—01542 
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The stability of penicillin varies depending on its state of aggre- 
gation. Penicillin drugs are very unstable in aqueous solutions, es- 
pecially when heated. The opening of the B-lactam ring leads to in- 
activation of penicillin. This process also depends on the pH of the 
medium. This is why, for example, the potassium (sodium) salt of 
benzylpenicillin is produced and stored in the crystalline form in bot- 
tles hermetically sealed with rubber stoppers secured by aluminium 
caps. Penicillin is dispensed in bottles containing from 125 000 
to 1 000 000 units. Penicillin drugs, except for phenox ymethylpeni- 
cillin, are administered intramuscularly or subcutaneously in the 
form of solutions. The latter are prepared ex tempore with a sterile 
isotonic solution of sodium chloride or with water. Frequently, the 
action of the drug is prolonged by preparing the solutions with 0.25, 
0.5, or 1% novocaine (procaine) solutions. 

Phenoxymethylpenicillin is stable to the action of acids. It can 
therefore be taken orally in tablets (it does not decompose in the 
acidic medium of gastric juice). 

Penicillin drugs are widely used in the treatment of infections, var- 
ious inflammatory and suppurative processes in the lungs, and ton- 
sillitis. Penicillin is also used for treating some kinds of tuberculosis, 
pneumonia, septic endocarditis, and so on. It is employed in surgery 
and gynaecology. 

All penicillin drugs are listed in Group B. 


SEMISYNTHETIC PENICILLINS 


Benzylpenicillin produced by biosynthesis and the numerous 
drugs created on its basis, notwithstanding the merits of their phys- 
iological action, are not deprived of shortcomings. The main one is. 
that when the drug is used for a long time, many strains of microbes, 
especially staphylococcus, begin to exhibit stability to this anti-. 
biotic. This made it necessary to obtain new types of penicillin, i.e. 
semisynthetic drugs, which were found to be active with respect to. 
the staphylococcus resistant to penicillin. 

The development of this group of penicillins became possible. 
after it was discovered (1962) that in addition to the known natural 
penicillins, the micelium Penicillium chrysogenum simultaneously 
contains 6-aminopenicillanic acid (6-APA), and the latter began 
to be used as the starting substance for the production of semisynthet- 
ic penicillins: 

CH, 


. : 
HN 6 5 12 CH; 
75-3! CQOH 


6-Aminopenicillanic 
acid {6-APA) 
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This acid is produced by biosynthesis in two ways: 
(1) in development of the mould fungus Penicillium chrysogenum; 
(2) in the enzymatic hydrolysis of snes 


H 


H.C.—CH.— i N ‘ane enzyme 
COOH 


Benzylpenicilli 


S CH, 
— EN eae ( \—cx COOH 
N COOH ° 
O 
6-APA Phenylacetic acid 


After the biosynthetic production of 6-APA, an acy! (acid) residue 
is introduced into it by the conventional methods of organic chemi- 
stry, a new penicillin being produced each time. For example, the 
treatment of 6-APA with phenylacetylchloride yields a substance 
identical to benzylpenicillin: 


CH, 
aan 
—— —Cl 
( S—cu, i cl “dn COOH —HCL 
0 


Phenacetylchioride 


y H CH, 
+ Prone N Gan 
COOH 


Benzylpenicilltn 


A similar reaction with phenoxyacetylchloride transforms 6-APA 
into a substance identical to natural phenyloxymethylpenicillin, 
and so on. Hence, using 6-APA and various chemical compounds as 
the second condensing component, a large number of semisynthetic 
analogues of the natural penicillins were produced, as well as 
their modified derivatives. 

When creating the semisynthetic penicillins, the task was posed 
of producing drugs (1) not sensitive to the action of penicillinase, 
(the latter is produced by a number of bacteria) because it decom- 
poses, i.e. inactivates penicillin; (2) resistant to acids; and (3). 
having a broader spectrum of action than benzylpenicillin. 

With a view to these requirements, of the greatest interest among 
the semisynthetic penicillins are meticillin (not sensitive to the 


27* 
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action of penicillinase), oxacillin (acid-resistant and therefore pre- 
scribed for oral administration), and ampicillin (having a broad 
spectrum of action). Their common structural formula is: 


+ Ss.  »CH; 
R—N: CH, 
N COOR’ 
O . 
6-APA 
where 
OCH, 
Zo a | 
R= Cc and R° is Na— the sodium salt of 
meticillin (Me- 
OCH; thicillinum- 
Residue of dimethoxyphenyl- natrium) 
carboxylic acid 
O 
WY 
CH 
R= Gs fi ] and R’ is Na—the sodium salt of 
~O7 SCH, oxacillin (Oxa- 
cillinum-natrium) 
Residue of 5-methyl-3-pheny!- 
isoxazol-4-carboxylic acid 
O 
0 _ aaa: 
R= CHC and R’ is H—ampicillin (Ampi- 
NH, cillinum) 
Residue of 


aminophenylacetic acid 


All the drugs are white crystalline powders and except ampicillin 
dissolve well in water. They are dispensed in hermetically sealed 
bottles like penicillin (the sodium salts of meticillin and oxacillin) 
and in tablets (ampicillin and the sodium salt of oxacillin). 

All the drugs are listed in Group B. 


31.2. DERIVATIVES OF THE AMINOGLYCOSIDES 


This group of antibiotics combines biologically active compounds 
containing glycoside bonds in their molecules. They include strep- 
tomycins, neomycins, and kanamycins. 

Streptomycins. Streptomycin was the second antibiotic, after 
penicillin, that played a very important role in the treatment of 
infections, especially tuberculosis. 
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Streptomycin was discovered by S. Waksman and his co-workers 
(USA) in 1944 and was named after the genus name of the actinomy- 
cetes (ray fungi) Streptomyces. According to Waksman, the produ- 
cent of streptomycin is the actinomycete Streptomyces griseus. 

Soviet researchers (N. Krasilnikov, 1949) relate the culture of the 
actinomycete forming streptomycin to Act. globisporus streptomycini. 
It was later proposed to call the organism forming streptomycin 
Act. streptomycini. Other actinomycetes forming antibiotics close to 
streptomycin such as oxystreptomycin were discovered subsequently. 

Streptomycin is the name of a group of compounds with a similar 
chemical structure. The streptomycin complex includes the following 
natural compounds: streptomycin, mannosidostreptomycin, oxy- 
streptomycin, and also compounds produced by reduction of the 
first two, i.e. dihydrostreptomycin and dihydromannosidostrepto- 
mycin. 

In acidic and alkaline hydrolysis, all the streptomycins evolve 
streptidine, which is 1,3-diguanidino-2,4,5,6-tetrahydrox ycyclohex- 
ane, and the corresponding saccharide component: 


NH OH 


“H,N—C—NH 
tl 


NH 


Streptidine is the common part of all the streptomycin molecules. 

The streptomycins differ in the nature of the saccharide component 
of the molecule. For example, in streptomycin, thestreptidine is 
joined by a glycoside bond to the disaccharide streptobiosamine 
consisting of L-streptose and N-methyl-L-glucosamine: 


L-Streptose N-Methyl-L-glucosamine 


; Me | 

| H,N—C—N CO Onn) 1, | 0 CH | 

| HO oH | "f J [  se-—-N-—GR : 

| H,N—C—NH | HC—C—OH_ | HC—OH | 

| l I | | 0 | 
Streptidi O 

) rept ne ~~ eH | I 

! | | 

{ 

| | 


Streptobiosamine 


Y) 
re 
“ 
1°) 
O 
= 
O 
3 
< 
© 
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Mannosidostreptomycin repeats the structure of streptomycin 
and differs from it only in an additional saccharide, i.e. D-mannose, 
which is joined by a glycoside bond to N-methyl-L-glucosamine, 
and so on. 

Of the natural varieties of streptomycin, only streptomycin prop- 
er has found use in medicine; its derivatives either exhibit no phys- 
iological activity or are very toxic. Streptomycin, like penicillin, 
is produced by the biological method. Highly productive strains of 
the producent are obtained by selection. 

From the chemical viewpoint, streptomycin is a strong organic 
base. Its basic nature is due to its containing two guanidine residues 
and an N-methyl group of the saccharide component of the molecule. 

Being a base, streptomycin readily forms salts with both mineral 
and organic acids. The salts are hygroscopic and readily dissolve 
in ethanol and other organic solvents. [n the solid state, streptomycin 
salts can fluoresce in ultraviolet light. A typical property of strepto- 
mycin is its ability to form complexes with salts of some bivalent 
metals. The presence in a streptomycin molecule of a large number 
of hydroxyl and amine groups underlies its high hydrophilic prop- 
erty (solubility in water). An aqueous solution of the base has a 
pH of 12.0. 

Streptomycin and its solutions are much more stable than peni- 
cillin. Its aqueous solutions are the most stable at a temperature 
below 28 °C and a pH of 7-8. The activity of the antibiotic sharply 
drops in an acidic medium (at a pH about 6). A weakly alkaline medi- 
um is the most favourable for streptomycin to exhibit its antibiotic 
action. 

The streptomycin drugs used in medicine are generally its salts 
of sulphuric (sulphate), hydrochloric (hydrochloride), phosphoric 
{phosphate), and other acids. The double salt of streptomycin tri- 
chlorohydrate and calcium chloride is also employed. Streptomycin 
salts are more stable than its base. Pure streptomycin salts in the 
dry state do not lose their activity when stored during several years. 
The activity of streptomycin drops sharply when stored at 50 °C or 
even when heated for a brief period to 100-110 °C. 

The pharmacopoeial preparation of streptomycin is streptomycin 
sulphate. 
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Streptomycin Sulphate (Streptomyctni sulfas) 


(C,,H39N7010)9°3H_SO,4 M.m. 1457.38 

Streptomycin sulphate is a white powder or porous solid with 
a bitter taste. It dissolves readily in water, and is insoluble in al- 
cohol, chloroform, and ether. 

The identification reactions of streptomycin sulphate depend 
on its chemical properties and the functional groups in the molecule. 
The aldehyde group in the drug underlies its reducing properties. 
It reacts with Nessler’s reagent to yield brown metallic mercury, 
and with Fehling’s solution to yield red copper(I) oxide. 

The guanidine groups in streptomycin produce a positive Saka- 
guchi reaction consisting in the formation of a coloured compound 
when a solution of 1-naphthol, 8-hydroxyquinoline, or 1-naphthol- 
8-sulphonic acid is added to the test streptomycin solution in an al- 
kaline medium in the presence of an oxidizing agent. The State 
Pharmacopoeia recommends sodium hypobromide as the oxidizing 
agent; in this case a violet-red colour is observed. A typical reaction 
for the guanidine groups is their decomposition when heated with an 
alkali with the formation of ammonia. 

A specific reaction for streptomycin is the formation of maltol 
(1-methyl-2-hydroxy-3-pyran) from the streptose part of the strep- 
tomycin molecule when it is heated with an alkali: 


424 Natural Biologically Active Compounds 


Maltol yields a colour from red to violet with iron(IIJ) salts. This 
reaction is recommended by the State Pharmacopoeia for identi- 
fying streptomycin. A solution of the drug is heated with an alkali 
in a water bath. When cooled, it is treated with a solution of ammo- 
nium iron alum in the presence of sulphuric acid. A violet colour is 
observed. The sulphate ion SO{~ is determined with a barium chlor- 
ide solution by the formation of a white barium sulphate precipitate. 

To check the purity of streptomycin drugs, it is necessary to deter- 
mine the pH of 28% solutions, their transparency and lack of colour 
during 24 hours at a temperature not above 10 °C. The drug is tested 
for toxicity, pyrogenic nature, sterility, and the presence of sub- 
stances with a histamine-like action. 

The State Pharmacopoeia recommends determining the content 
of streptomycin sulphate in a drug by the biological method of diffu- 
sion in agar with the test microbe Bacillus mycoides. 

Physicochemical methods can also be employed for the quantita- 
tive determination of streptomycin. They are based on the nature 
of the functional groups in the streptomycin molecule and the rele- 
vant reactions. 

The maltol method is the most widespread of them. In various 
modifications of this method, the amount of maltol is determined 
either from the absorption peak in the ultraviolet region of the 
spectrum, or by photocolorimetry. Jn the first case, the determina- 
tions are conducted in an acidic or alkaline medium, and the measure- 
ments are made at 4. = 2705 or 329 nm, respectively. In photocolori- 
metry, iron(III) salts are used as the reagent. 

Streptomycin is effective in treating the most diverse diseases 
caused by Gram-positive, Gram-negative, and acid-resistant bacte- 
ria. It is especially effective against the tuberculosis pathogen My- 
cobacterium tuberculosis hominis. 

In addition to its high effectiveness in treating a number of dis- 
eases, streptomycin has a number of significant disadvantages, one 
of which is its tendency to produce streptomycin-resistant strains of 
organisms. This makes it necessary to increase the doses of the drug, 
which causes toxic effects. 

The drug produces a number of undesirable side effects. [t acts on 
the central nervous system, and results in the impairing or complete 
loss of hearing. Prolonged administration of the antibiotic results in 
various forms of dermatitis, photophobia, and great irritation of the 
epidermis. 

Streptomycin is often prescribed in combination with other antitu~ 
berculosis drugs such as PAS-Na and ftivazide. 

Streptomycin drugs are administered intramuscularly most fre- 
quently. They are dispensed in bottles hermetically closed with rub- 
ber plugs and protected by metal caps. They are stored in a dry 
place at room temperature. They are listed in Group B. 
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31.3. DERIVATIVES OF THE AROMATIC SERIES 


The antibiotics related to this group are mainly benzene deriva- 
tives. A representative of these antibiotics is chloramphenicol, a na- 
tural antibiotic, and its synthetic analogue levomycetin. 


Levomycetin: (Chloramphenicol) 
[Laevomycetinum (Chloramphenicolum )| 


D-(—)-threo-2-(dichloroacetamido)-1-(p-nitrophenyl)-J ,3- 
propanediol 


H HN ——COCHCI, 


|] 
O.N ~< \— 14 —CH,OH 


OH H 


C,,H,,.C1,N.0; M.m. 323.13: 
Chloramphenicol is produced by the soil actinomycete Act. Strep- 
tomyces venezuelae. The strain of this producent was first isolated from. 
the soils of Venezuela (1947), which explains its name. 
Chloramphenicol is an antibiotic with a broad spectrum of action. 
It acts not only against Gram-positive and Gram-negative bacteria, 
but also against Rickettsia that are pathogens of abdominalis ty-. 
phus, spotted fever, brucellosis, and cholera. These diseases could: 
not be cured with the previously known antibiotics and other drugs. 
Such a broad range of action of the antibiotic attracted great 
attention of investigators to it, and during two years not only was. 
its chemical structure studied, but it was synthesized (1949, USA). 
Almost at the same time in the USSR, academician M. Shemya- 
kin and his co-workers synthesized analogues of chloramphenicol’ 
and studied the relation between its structure and antibiotic action. 
The biological activity of chloramphenicol was found to depend very 
greatly on the space configuration of the molecule. Spectral analysis. 
revealed that chloramphenicol belongs to the derivatives of para- 
substituted nitrobenzenes: 


The hydrolysis of chloramphenicol yields a compound containing: 
an amino group—the base of chloramphenicol(I) and dichloroacetic: 
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acid (II): 


HON Cl 

| | y, 
O.N G7 On + HC-— COOH 

OH H Ul 


I] 


The condensation of the products again yields chlorampheni- 
col (III) whose molecule is depicted structurally as follows: 


H HN-—COCHCL, 


|. | 
on—{ \—c* ct cn.0H 
| 


OH H 
I] 


Chloramphenicol has two asymmetric carbon atoms, therefore four 
stereoisomers or two pairs of antipodes can exist, namely, D (—) 
and L (+) threoisomers (with a trans structure), and D (—) and 
L (+) erythroisomers (with a cis structure*). They differ in the 
Space arrangement of the OH and H groups at the first carbon atom 
of the side chain: 


HN—COCHCL, yn j 
I | H HNCOCHCL, 
D-(— )-threoisomer L-(+) -threoisomer 


Both isomers of the erythroform are very toxic and are not used in 
medicine. 

The synthesis of chloramphenicol was the first chemical synthesis 
of an antibiotic embodied on an industrial scale, and to date this is 
one of the few antibiotics produced by chemical synthesis. 

The chemical synthesis of chloramphenicol yields a racemic pre- 
paration, i.e. a compound containing the L (+) and D (—) threo- 


* With a view to the configuration of an asymmetric carbon atom in posi- 
tion 1, optically active compounds are related to the D or L series. Since the 
optical activity depends on the configuration at all asymmetric carbon atoms, 
there can be levo- and dextrorotatory isomers in both the D and the L series. 
The sign of right-hand (dextro) (++) or left-hand (levo) (—) rotation of the plane 
offa polarized ray is indicated in parentheses after the designation of the configu- 
ration (D, 
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forms of chloramphenicol. The racemic preparation synthesized by 
Soviet chemists was named synthomycin (DL-chloramphenicol). La- 
ter, its levorotatory isomer, the D (—) threoform, was isolated 
from synthomycin, and was called levomycetin. 

The biological activity of synthomycin is half that of levomycetin 
and therefore synthomycin is not employed in medicine at present. 
Levomycetin and levomycetin stearate are the pharmacopoeial pre- 
parations. 

Levomycetin is a white odourless crystalline powder, sometimes 
with a slightly yellowish-green tint. It has a bitter taste. It dissolves 
sparingly in water, readily in alcohol, and does not dissolve in 
chloroform. 

To identify the drug, the State Pharmacopoeia recommends a 
reaction with an alkali attended by heating. First a yellow colour 
appears that turns red-orange with further heating. The colour be- 
comes more intense when the solution is boiled, and a brick red prec- 
ipitate appears owing to the formation of azobenzoic acid. In ad- 
dition, para-nitrobenzaldehyde and para-nitrobenzy! alcohol form: 


H HNCOCHC1, 


| | t? 
on—{_)—e—t—cht.0 + 2NaQH —— 
| 


OH H 
| a. O 
— Hove \—v=n¥ coon | « o1n-X oP 4 
Azobenzoic acid p-Nitrobenzaldehyde 


+ on—€ \—cH,0H + 2NaCl 


p-Nitrobenzy! alcohol 


After separation of the precipitate, the filtrate is acidified with 
mitric acid, and the Cl~ ion is determined in it by adding a silver ni- 
trate solution. 

When the drug is boiled with an alkali (NaOH), the dichloroacetic 
acid detaches chlorine, which forms sodium chloride in the alkaline 
medium. The chloride yields a white curdy precipitate of silver 
chloride with a silver nitrate solution. 

Levomycetin is an optically active compound, hence it is char- 
acterized by a specific rotation. The latter should range from +18 
to +21° (a 5% solution in 95% alcohol). It must be noted that a 
-solution of the drug in ethyl acetate rotates the plane of a polarized 
ray to the left, and an alcohol solution, to the right. 
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Levomycetin can also be identified by other reactions, for example, 
its reduction to an aminoderivative. The latter is diazotized and. 
couples in the alkaline medium with 2-naphthol to form a red azo 
dye: 


H HNCOCHCI, 


1 | 


OH H 
H NHCOCH, 
~d 
—» H,N ¢ 7 EHOF + ZnCl, + 4ZnSO, + 2H,O 
OH H 
OH. 
H HNCOCH 
ano, f . =@=: an \ ee 
= —C—CH,OH |} Cl ————— 
OH H 
H HNCOCH, 
| OH | 
—_— OH 
Red azo dye 


The State Pharmacopoeia recommends determining the content of 
levomycetin in the drug by nitritometry aiter reduction (with heat- 
ing) of the nitro group by zinc dust in the presence of hydrochloric 
acid (see Chap. 23). 

Other methods of analysis have also been proposed that are based. 
on the chemical properties of the drug, namely, bromatometry 
(the aromatic ring is brominated), colorimetry (based on the forma- 
tion of azo dyes after reduction oi thenitro group), and argentometry 
(determination of the chloride ion after alkaline hydrolysis). Of 
the physicochemical methods, spectrophotometry and polarimetry 
can be employed. 

Levomycetin is employed in the treatment of abdominalis typhus. 
and paratyphoid fever, dysentery, brucellosis, whooping-cough,. 
tularaemia, gonorrhoea, spotted fever, and other diseases caused 
by viruses. Prolonged treatment with levomycetin may cause fungal 
diseases of the skin and mucous membranes of the mouth, pharynx 
(thrush), rash, dermatitis. 

The drug is prescribed for oral administration. It is dispensed 
in powders, coated tablets, capsules, in the form of suppositories, and: 
a 1% ointment. 

A shortcoming of levomycetin is its bitter taste, which restricts 
its use, for example, for children. It can be eliminated by transform- 
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ing the antibiotic into various esters. Esters of levomycetin have 
been obtained with carbonic, sulphuric, palmitic, stearic, succinic, 
and other acids. Of these, levomycetin stearate is used in medicine 
and is a pharmacopoeia! drug. 


Levomycetin Stearate (Laevomycetini stearas)} 
D -(—)-threo-2-(dichloroacetamido)-I-(p-nitrophenyl)-I ,3,3- 
propanediol stearate 


HO HNCOCHCI, 


| | 
oN—( \—c—¢—cH.—0—C—cH. CH,),, —CH; 
| | i 


H H 


C,,H,,CI,N.O0, M.m. 989,60 
The antibiotic effect of the drug is due to the active levomycetin, 

which is liberated from the ester as a result of fermentative hydrol- 

ysis in the alimentary tract after the drug has been taken orally. 

Levomycetin stearate is a white powder with a yellowish tint. 
It is insoluble in water, dissolves sparingly in alcohol, and readily 
in chloroform and acetone. Its solutions in all cases are turbid. 

Levomycetin stearate participates in all the reactions character- 
istic of levomycetin. A distinguishing reaction is the formation 
of oily drops of stearic acid evolved in hydrolysis after the drug is 
heated with concentrated hydrochloric acid. When the reaction 
mixture is cooled, the oily drops of stearic acid on the surface of the 
liquid solidify. The content of levomycetin stearate is determined 
spectrophotometrically (State Pharmacopoeia). 

The indications for administration are the same as for levomyce- 
tin. The drug has side effects similar to those of levomycetin. It is 
dispensed in powders, tablets, granules, and in the form of a 5% 
suspension. 

It should be stored in well closed containers or orange glass jars. 
it is listed in group B. 


31.4. DERIVATIVES OF THE ALICYCLIC SERIES 
TETRACYCLINES 


The antibiotics of the tetracycline series occupy a leading place 
among antibiotics with a broad spectrum of action. They suppress 
the reproduction of Gram-positive and Gram-negative microorgan- 
isms, acid-resistant bacilli, Rickettsia, and large viruses. 

Owing to such a broad spectrum of action, they are employed for 
the treatment of pneumonia, brucellosis, tularaemia, whooping- 
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cough, scarlatina, dysentery, spotted fever, and other diseases, 
for example, gastric ones. 

The tetracycline antibiotics combine a high biological activity with 
a relatively low toxicity. 

The chemical structure of the tetracycline antibiotics is based 
on hydronaphthacene—a condensed system of four partially hydro- 
genated fused benzene rings. These antibiotics differ only in the 
substituent in positions 5 and 7, which can be seen from the follow- 
ing chemical structure of a tetracycline molecule: 


(ap 


When R =CIl and R’ = H, the compound is chlorotetracycline 
(biomycin, aureomycin); when R = H and R’ = OH, it is oxyte- 
tracycline (terramycin); and when R = H and R’ = H, it is tetra- 
cycline. 

At present, about 34 compounds belong to the tetracycline anti- 
biotics and their related compounds formed in the process of bio- 
synthesis. The most widely known tetracycline antibiotics in addi- 
tion to those indicated above are 6-demethyltetracycline (a methyl 
group is absent in position 6), 7-chloro-6-demethylchlorotetracycline, 
7-bromotetracycline, and also metacycline and doxycycline produced 
as a result of the chemical modification of the oxytetracycline mole- 
cule. 

The antibiotics of the tetracycline series have received attention 
since 1948. The first to be discovered was 7-chlorotetracycline— 
aureomycin, produced by the soil actinomycete Act. Streptomyces 
aureofaciens having a gold colour, whence the name of this antibiotic. 
In 1952, an analogue of aureomycin was produced in the USSR and 
was named biomycin. Next other antibiotics of this series were dis- 
covered. 

With a view to the difficulties involved in the synthesis of the 
tetracyclines, to date they are produced commercially by biosynthe- 
sis. The tetracyclines are close in their chemical structure, therefore 
then properties are also quite similar in many respects [see formula 
(a)t. 
All the antibiotics of the tetracycline series are amphoteric. “Cet 

CH; 
basic properties are due to the dimethylamino group —NL , 

CH; 
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Their acidic properties are due to the phenol hydroxy! group in 
ring d and chiefly to the enol groups (positions 12 and 3). The strong- 
est acidic properties are exhibited by the enol group in position 3. 

Being amphoteric substances, the tetracyclines dissolve in alkalies 
and acids with the formation of salts: 


H.C CH; CH, 
Ro N* R HNCCH, 
Oo OH or 
Na* 
ny CONH: de CONH 
OH O 


Aqueous solutions of the tetracycline salts hydrolyze, and whem 
concentrated solutions are left standing, a precipitate of the base 
appears. An excess of an acid prevents hydrolysis and the precipita- 
tion of the base. 

The presence in a tetracycline molecule of two systems of conjugate 
double bonds including keto and enol groups (enclosed by dashed: 
lines) underlies the colour of these compounds and the characteristic. 
absorption in ultraviolet light: 


All the tetracyclines have similar spectra. 
The phenol hydroxyl group in a tetracycline molecule causes @ 
colour to appear in a reaction with iron(III) chloride and an azo dye- 
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to form when coupled with diazonium salts: 


I NH On OH 


A feature of tetracyclines is their decomposition by an alkali 
with the formation of isotetracyclines, whose colour is more intense 
than that of the antibiotic itself. 

In addition to the group reactions characteristic of all the tetra- 
cyclines [a reaction with an iron(II) chloride solution, decompo- 
sition by alkalies, the formation of an azo dye], they can be distin- 
guished from one another by their different colour when reacted with 
concentrated sulphuric acid. The products are anhydrotetracyclines 
having a definite colour for each tetracycline compound. For example, 
when the initial compound is oxytetracycline, a purple-red colour 
appears, and when it is tetracycline proper—a violet one (State 
Pharmacopoeia). 

All the tetracyclines fluoresce in ultraviolet light, which is em- 
ployed to identify them. 


Oxytetracycline Hydrochloride 
(Oxytetracyclini hydrochloridum) 


CooHosNoO,-HCl M.m. 496.90 


Oxytetracycline Dihydrate (Terramycin) 
(Oxytetracyclint dthydras} 


Co.HosN,0,°-2H,0 M.m. 496.50 
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Tetracycline Hydrochloride 
(Tetracyclint hydrochloridum) 


C,2H,.N,0,-HCl M.m. 480.90 


Tetracycline (fetracyclinum) 


CosHo4N.O¢ M.m. 444.40 

All these drugs are yellow odourless crystalline powders with a 
bitter taste. They dissolve sparingly in water (except for tetracycline 
and oxytetracycline hydrochlorides) and very sparingly in alcohol. 
Salts of the tetracyclines when left in the air become turbid owing to 
the gradual precipitation of the bases. In storage, the drugs gradually 
turn dark because they are oxidized by the oxygen of the air. This 
occurs most readily in aqueous alkaline solutions, which rapidly dark- 
en in the air. 

The quality of the drugs is determined by their physicochemica! 
properties, namely, the specific rotation and the absorptivity. The 
acidity or alkalinity of solutions of the drugs is determined. 

The State Pharmacopoeia recommends the biological method for 
the quantitative analysis of drugs of the tetracycline series. But 
other methods can also be employed such as fluorometry, photocolor- 
imetry, spectrophotometry, and acid-base titration in non-aqueous 
media. 

The drugs are prescribed in the form of powders and tablets, or of 
ointments for external application. They should be stored in a dry 


place protected from light at room temperature. They are listed in 
Group B. 


REVIEW QUESTIONS 


. Which compounds are called antibiotics? 

. What has been adopted as the unit of antibiotic activity? 

. Name the rings forming the basis of a penicillin molecule. 

. What explains the ability of penicillin to form salts? 

. What property of penicillin drugs is responsible for their group identifica- 
tion reaction? 

6. Compare the structure of preparations of penicillin and semisynthetic 
penicillins, and trace the change in their physical and chemical properties. 
How do the pharmacological properties change in this connection? 

7. What compounds does the streptomycin complex include? 

8. Compare the pharmacological action of penicillins, streptomycins, and 
levomycetin. 

9, What nucleus is the tetracycline molecule based on? 

10. What are the amphoteric properties of tetracyclines due to? 
11. What happens to tetracycline molecules when they react with an alkali, 
an acid, and with salts of the heavy metals? 


28—015942 


Crt hs GO DO 


-naya) yuade o14a1 
-Adijue ‘olsasTeue 
daseip 3-7°() ‘oTystsoTqdyuy 


(Aoualo1gMsul 

Areuoiod ‘eruoj1ad 

-AY ‘SISOI3[ISOI 

aq Je) JWase [eIUIVE 

sja[qey} 3-GZ'Q | -[oraysafoyoodAy vy 


(Aoua1DINSUI 

Ayeuo1od ‘ermers 

-sejododAy Gy pa 

-yeloosse BImMyyAYI 

-1e oOBIpred) suo! 

Wnissusem pue tan 

319[qe} 3-GzZ AQ 1 -Issejod jo setae) 


winsyoads paresjur ay} (z) 
“Do SG 
“GL yutod) = Bulyja~M (J) 


(dnoig [Ax 
-Oqded) stmIOJ a}ejIdro01d 
an]q YsiusadIs e ‘UOI{NT 
“OS ajeja0e Jaddod & ppy 


(uaydiw 
-BJ99 JO WIOJ poe at) 
sreadde ayeyidioard ayy 
@ “ploe olijiu ayQTIp ppy 


SUOT}OBal 
[eoryAyeue yuRAajarl ay 
Aq SUOl 423] pue +H 9Yy 
AJiquapt {(pioe oulme we) 
sieadde Ino[oo yaporA-an{q 
@ ‘AIN}XIUL 3Y} yeaq pue 


(wnuafoidng]) (ueyniq) uajoidngy *¢ 


ajSe} Jazyiq “IapMod auty[eysA19 ssayinopo 94ytT A 


“HIN—*HO—"*HO——N'H_ - J" ise) 


| 
ie 


O 
(wnuaydiuDpja7) uaqdruejar) 7 


(uivy.od 


Uor}N]os ulIpAquiu & ppy | -sy) (a}ejZedse wWnisausew wnissejod ‘u1sueued) weysedsy °} 
SIAIJEALIOp JI9Y} pue Splae oI[A xXoqie) 


UI10J [BO] Ps asn ule Al 


* UOT}eODI}Uep] 


UodI},d1IIsep 
‘aInjonIys ‘SMe N 


X VIDOdODVWaVHd ALVIS USSN JHL 40 
NOILVOMaNd AHL WALIV 3SN AOA GIMOTIV SONA ‘I 


seosipueddy 


434 


(sajyeys YStIaAa] 

‘els eine ‘UIST}eUl 

‘naqi) yuege o14a1 

sjoyqey pue|-Adiue ‘orsasjeue 
slapMod 3-CZ*() ‘OIysIs0[Gdyuy 


$3914} (sayeis Of 
pue saapMod | -yyedoqoAsd ;‘sasod 
8-G7'(.) pue -]°Q| -nau) Jazijimbuely 


(erdyeAum ‘els[eineu 
“SIJIIQ}Ie = pioyeul 


‘SUO1JIVIT UOLJEOFIJUSp! a} JOF pasn A[[esauss ore sSnip 044 Jo suorjnyjos snoanby + 


Afi Ul aNojJoo anjq pe 
B YIM saosaIoNy WOO! 


-O[YD Ul MOTINJOS %F°O V 


(ploe oulme ue) sivadde 
INO[OD yapota-enya e ‘uOTy 
‘njos ulipAquim e ppy 


yead qysuajaAen 
ayugep e saAey pyhoys 


bee 


— BUI{[eISAIO ayYM-YstA eis) 


go 


(wndiwmpuaydau wnpiay) pioe siueuaydayw *¢ 


jury ysiMo]faA A[yqat[s aaAvey Aew rspMod aury[eysh19 AY AM 


19H + HO—9—'HO—HI— 9°'H—N'H 


HOW 
oF 


(wninqiuayd) ynqruaqd *F 
s[ejsA1o ssaymoyjoy 


a—Ho{)—sHo— Ho 
\ 


O'H 


28* 


saplio[ qo 

JOf Uolynyos ayeiyluU Jaa 
-jIs © UWA UoTzIeaT & (Z) 
‘(agres0id) auTed0Aou 
Wood} Snip aq} saystnsuty 
-sIp si} ‘(aseq auleouaq) 
sdoip A[to ssajInojod jo 
uoljeredas ay} YIM patyyy 


oidoosorsAy AlyYst[s ‘dapMod aurypeyss1) IIIYA\ 


OV -@1}S SIUIOIEq 9UII} BIOS "HOW 
-njos %zZ puP dayje yeu} SUlIO}] UOTSs[NUId 19H ° _N— “HO'HO——-O—9 
‘y ‘ey Jo [wl 4 (ASopoyeuoys | ayyA Ayr we suornNy "HYD o7 
YUIA\ saynod | ut) BIsaqysaeue|-os pilose oidoTqor1ad %7F 
Tae ‘SIIPMO,] UOlzeI PUT JIOq |e Jo sdoip OM} ppV (7) (wnuipauag) (9}80zZUaq [Ay out uepAYjaip-z) vuLeoUaTT °f 


$19}S9 poe otjA xoque) 


(sjAxoipAy Jouaqd) sur 
-pueys Jay Ue 9sUdzUT 
alol semooaq yey} Ayaye 
-Ipsmut saivadde anojoo 
asuelo ue ‘joyooje cs 
ul sulumejAuyydeu-} jo 
WOIyNyOS eB pue yUaseal OZ 
“eIp © pple oNpisel ot} 0} HOOD 
ayerodeAa pue Jayem eIU 
OMe YIM SNIp sy} jo HO 
yanowe [lets & year} (7) | 
‘(sdnoid [Axoip y 
-Aqy [ouaqd) siesdde ino HO 
yuUose o1jayysavue | -[09 yapoIA-anjq we fuOTyNT 
pue o1jaIAdtyue | -OS apl1oryo ({[{])uoII ue (wnalozuagizx 
sjapquy 3-c"y ‘OsIsoTydiyay | jo sdoip [eiaAes ppy (})| -o1p wnpioy) (poe oInyoayea0r1Ad-o) prow otozuaqAxoapAyiq ‘9 


iapMod att]pTe}sA19 paino[o.:-Wedd) 


WO} [BIIPIW osn ule * UOIFCOQTPUSPT ainjoniis soute N 


(panujjuo9) | xipueddy 


UuOTINOS %Z jo 
[ar G YM S09] 
-nodwe ‘sjaiqey 


pue 


slap mod 


8-9y'y PUR -Eu VU 


‘-GLO'U 


"=GOU'0 


ttoljoe s1ysiF0T yd 
-Tyae Plu ek sey 
‘soposnta = Joos 
oy} jo suseds 

UVM payelsosse 
suled Jo] vIsesjeuy 
‘qUIsV DATISSNIYTY 
“UB puL diss Ruy 


‘dnois Axoyjya oy 

Jo stsAjorpAYy Jaze ‘amy 
uL Spa—v00Id UWoToIRaL ayy 
-(SouTTOIYIOT[ es) TUN pew 
snoipAyue ue Ul ploe ord 
“nydns pajyes}uUaou0d YL 
sreadde danojod pai e (€) 
‘(dno1d 19389 we) SsuUIIOy 
ayemexoIpAY uodI pono 
-[09 8 TOIM[OS apt1ojto 
({I]) Wor! Ue JO UOTpIPpe yuo 
-nbasqns dif] pue surole 
-jAxorpAy jo aouasoid 30} 
ul SIsA[OIpAY ptov ut (2) 
‘yurod Surqypaur sii puy 
‘ayeqyidtsaid = ayy Sut AIp 
Jajje ‘SMIOs plow 914908 
-jAuaudtp jo ayestdtoasd 
e ‘stsAyorpAy proe uy (J) 
(ANpisad ploe O1UTJOITU Ot?) 
sulioj ajyeyidioeid aniq.e 
‘UOI}Njos ayeydjns iaddoo 
e jo sdoip [erases ppe 
puv JoJeoIpul uteyeqyyd 
-Jousyd ev Zuisn woriynjos 
pree orjooe Vo fp eB WA 
OZITeIMIU DHUllOod Jaze 
‘UIUL € LO} [10g pue snip 
941 Jo UoryNjos J[oyooTe 
ULB OF TOTINIOS splxoipAy 
UINIpos B JO [UW | ppe (Z) 
(SpuOom[e 13}}1q JO [aus 
e) smo} apAyapyezuaq 


JUIWYUIO UII | ‘Bulyeay «GYM = ayeuoqie9 
-edol] Ul papnyou] | MNIpossnoxrpAyur ppy (4) 


437 


pMod autypeyshsa apg AK 
O 
HOW I 
_ /N_ ‘HOSHD — O— ON. 
H'9 e 
/ 
FHO°H9O 


1DH > 


C >) 


(wnujzoyjsay) ({OpexXoUeUIIp ‘auta0yISa) -UL901ST 6 


[Jams TeoidAy e YM pinbiy yuaredsuesy, Mojjad 10 ssapanojoy 
S 
‘H9 —O—9 yf 
oF 


(JouI2091upAzuag) ayeuljoolu [Azuag ‘g 


-jeqiydo Sutied | 1e[N90-81} U1 SIOMO] 
-aid 10} apMod | ‘sayeys + oruojodAY 

‘uoTINjos %F} | snol1eA ul einssoid 
UA satnodure | poojq sester -(aAT4 


[W-} ‘s}a]qQeq | -ol1jsuOOSeA)} MASE 
payeo0d §=8-G00'0) ITPWIMOUIIP VY 
(sia0[N 


‘SIqIJOo o1jseds 

‘sIqtysA0aTOYo ‘ase 

(suotynyos | -SIP s,Wosutyxseg) 
sulzedaid 10}) juede IIUTUIeysS 
Japmod ‘sjaqey | -Tqyyue ‘o1yAjouly 
3-Z00°0°F00'0 | -049 = ‘91, AToursedg 


viseq} 

-savue [BOO] seonp 

-O1d os[e ‘“syassaA 

poojqg pue suedio 

19] | [U9] UL Jo seyosnur 

-qej payeoo pue YjOoWs Sexval 
siapMod =. 8-F "(| syuase o1yATourseds 


-me ue jo sdoip ¢-g ppe 
snip oy} jo su 7 04 (Z) 
‘({AxorpAq jousqd) sread 
-de INOj[OD yalolA B -UO0Ty 


“nyjos episo[yo (J uoa! 
ue jo sdoip oM4 ppy (}) 


(wnjounyjayd) (@ULIJaTMa) joueyqyuyd ‘ZI 


SQATJRALIOP JouIy_ 


sapr1oyyo 

IO} UOTINJOS a}eIyU IIA 
“JIS @ UWA UoTyowaL e (§) 
-(soulwmolq9 

-OT[e3) ulnipeu i | 
-ue ue Ul plo olaInydyns 
paje1jUa0009 YIM sreadde 
IMOjO pal-poojq  e® (2%) 
‘(dnoid 134sa9 ue) UT9048a 

O} AL]IWIs aeulexompAY 
UOII pamnojos Be smi0g (Ff) 


(sourur 
-O190][88)] WNIpe snoip 
-Ayue ue ul proe onyd 
-[Ns pajyeiju90009 =I 
sivadde anojod pai & (2) 
‘(dnoig 19}s9 ue) U1903Se 
0} d¥e[luIs ayeuexoIpAYy 
UOII paInojpoo e sulJOy (F) 


sapllo, yo 
LO} MOLINOS ayeI}IU JAA 
-]Is © UUM UOTPRAT & (F) 


JapMod auipjeish19 ayy 


"HON, z 

stn 7 N— HO—*HO—O—I— 

HD Wz | 
O HO 


TOH 


(wnjizimp) (auizAyoeueq) [IzIULy * J} 
ayse} Ja}}1¢ pue Ayes G}IAM JapMod ourT[eysAIO ayGM 


SHO 
Sak >N—!HO—"HI—O—9—HO 
HD Wi 
O 


(wnuijijowsndg) u1yAjouseds ‘oF 


TOH * 


ULIOJ [IIPS osn UIBW 


* UOT} BODI{USP] 


udi}dtsasep 
‘OINnjJONIIS ‘IMEN 


(panuiqzuo9) | xipueddy 


438 


sisole]osouneud 

pue siyiqouoiq 

$191q 4 | shojeuasAqd ula JO} 

B-cog'o ‘s9]9 | peqidosaid ‘eurqyse 
-10q [UI-QO} pue |[eryouoig Josyouyze 
-C7 U1 SUOIN]Os | SJuaAeId pue sadsat] 
%; pus go] -ad :Loye[Ipoqouorg 


(uoTjoe Zulpvey 


-uanq) queuL quage 

“1UIT %G -(UOr, o1ysiso[qd que 

“38 9140380449) jusde JUI[vIy 

yIUMIU, %oP|-anq *o1723804AD 
(suoryn 

-06 %G pue we) emooneys 


SUIIOJ [BIZo;ou | Ul pasn ‘aimssord 


(s[ AxoipAq 
joueyd) sieadde dnojoo 
9018 B {UOT NOS Ipl1o[YO 
(I]y)uoar %G 8 ppe (Z) 

$018} 
Tdij9aid aseq UlIpes! ue 
‘TOTINTos 1[ey[e we ppy (1) 
INO[OO 
yuid we sazmboe qorqm 
‘MLIOJOIOTYD YyM any 
“XIU 9Y} 97849 SUIT] SUS 
Ul ‘WOTIN[OS 9P1IZIU WINIp 
05 %7'9 B Jo [Iw J pue 
apllo[qooipAY sulpistaelp 
-0 JO UWOIIOS B jo [UI Z 
ppe jouedoidost ul #n1 
ay} JO aoinyos e 0} (Z 
‘aqny aq} 
jo yaed = daddn 043 UF 
sje oy} uo rvadde (joung 
-Ip) speysAo a0tl} aUIOS UT 
‘oue[] JauINg eB UO aqn) 
9s0} Adp 8 UI J3NIp aq} 
JO sUIBIZS [BI9AOS Yea] (J) 


soprso[y9 

Jo} wOrNjOs I94eIjIu JOA 
-[IS 8 YIM uoTPRIT & (§) 
‘(dnoaz 

oulme Arepuooes &) saqst 
-uva Ayppides 1eq] sivadde 
INojos anjg & ‘plow s1nGd 
-[ns pazedjzUe0U0d UI HOT} 
-njos eyepqAfou uMimow 


JapMod aultyeyssr0 ai M 


| HO OH 
HO\, | 
19H © HO—N—*HO—HO OH 


(wnuliposy) (UlipoAou ‘aulTeueldosl) UlIpes] *F} 


qui} Ystmop[ad Apqsys aavq Aevur ‘tapsod aulppeysAro aM 


CHO 
“HO—9 9-—3'H 
(HO Softy 
HO 


(wnjoungig) Jounqid *€} 


4UI} painojoo-uleara aavy Aevum ‘JopMod DUTTLESALD VIIY MA 


439 


-eurimopqe snydA4 

‘ArayuasA p :SU01z09] 

-UI [BUI}SoJUI pure 

SISBI[(UIe, ysuIede 

JaaTpayy “jyuase 
[eozojoI1d1yuUe 

s]a}qe} 3-Go°Q | pue [elepoeqiyay 


"O49 ‘SIZT[OD . 


-Olajua ‘ArayuasAp 
| ‘SaseasIp [BUI}SIzUL 
| 4891] 0} pasn ‘do1} 

sjajqe} pue]-oe pasuojoid yytM 
siapMod = 8-G"() |JUaBe Tel1a}9eqIyUV 


| (ArayaasAp 

‘sigisuAreqd = ‘s14Iy 

-[Isu0} “sIyTqouoIg 

‘eruoumeud) wor} 

Sja[qey pue | -oe pasuojoid WM 
sLapMod  3-G'C |JUaBe [eTIayOeqIjuy 


Udy *INO[OO MOTIaA e& Sey 


SpImeuioj[AqUIp uti 0 

SLIp aq} fo uorynyos wv (Zz) a LN=HOA_Lo NO 
‘siead ) Nv 

-de Imojod uMo1g B {yeay L__| | 


pue uolyn[os aspixorpAy 
unipos %\yE B ppy (Ff) (unuopijozpin 7) (auOxeAN}) suOpljozein| “/] 


Saaijvalap uDin 


spunoduiod 31[9A9019] a7] 


(anpisal plore o1peuyyd) 


| a1Svy 
seer "sae “ee dayyiq AT}[SI[s aAvq Avw ‘JapMod auif[eysA19 ssapnopo ayq AM 
T[eypLe ampIp e ut aod 0 
pue ‘[ooo ‘proe Se = r | 
7e1]U90U09 JO sdoIp ¢-Z ; 
ae UldIOSal YIM anap au} HIO—N\ Nos—{_ 9 
JO sujeis May eB asny (Z) N-N HOo—3 
‘(dnoiZ Oulule 91 Vi 
-yeulo1e) dAp Oze Ue SUTIO} O° 
sisATorpAy pre sayy (}) (wnuizDYyiYg) UIZeyIWd ‘OF 


a4sey Jayiq WWM ‘4U14 st 
-MOTTIA ATIYSIS aAvy Aeur ‘JapMod aurl[peysA19 ssapINopo ayy A 


(dnoi3 apimeydyns) uo 


-njos ayeydins iaddoo e = 
YIM INOTOD O14SI1a}oe1eTO H00—{_ )—v'os — )-n' 
e duTABY sjTeS suIIOy (7) \_f H 


(dnoig oulme 31} euI01¥) 
akp oze ue suiog (jf) (unuizopiiidefing) aurzepisddeyding *¢y 


F 


SOATJEALIop Jfay}. pue saurwMeE oIj}eWOIy 


WIIOJ [RIIPIW asn ule 


u0!} eo 14us UOIVd asap 
caida ‘aINjyoniys ‘IUIeN 


(panuijuod) | xtipueddy . 


440 


(u13jsAs SNOALaU Ted 

-yH99 9} Jo SUT} 

UN} SNOTIBA Saye 

suotjoofut 10} | AJaArQ08) yuage 
uaHNos %F'y] daryelnmiysoyaAsg 


UOT|ATOS GS" 
qi sarnodue 
JW-Z ‘syaTqei 
pa}e00 8-7'()| yUase o1yAjouseds 


(sjoer} Areutin aij 
Jo sasvasip A1O}eUL 
“We ut ‘etuomneud 
‘SUOTPIOJUI JUaTNANd 
pue punom ‘sisdas) 
JapMOdg |JUade [el1azIeqIjay 


proyd 


-Ajyered pue ‘si] 


(auTwe) anyg satan saded 
SUL}{] Jo soard ystow ve Aq 
pue Jnopo si Ag payoazap 
SI Jey} SsadAlOAd BIUOTMUIe 
sHOIWN{OS lyeyLe ue jo yun 
-OUle [{PUWS B YIM Feat] (Z) 

‘WH (IGE 0} (EZ 
Wo] Uolsa1 ay} Ul syead 
uoljdiosqe § peounouoid 
OU Sey BNIp 247 JO UuOT{NT 
-os snoanbe %] 8 Jo wind 
-gads JapotAeiy[n ayy (J) 


$9017 00149P 


saplioyyo 

OF UOTNOS aJeLIJIM AVIA 
-[IS B IIM DoNoRa B (¢) 
AU EFOGE JO 4isG9] 


-9AUM @ 4B SNIP 044 jo 


UOTHJOS auTeyTe % OOO 
e jo yead uorljydiosqe (z) 


-(UBINjozueq) suo} ano 
[Oo MoT[aA eB ‘ptoe aiunyd 


-[NS payeljuaau0D ppy (1). 


sivadde wMoig 

0} MOTJO9A WOT INOjod & 
‘yeay pue TOUNIOs aprxoip 
-<¥ umipos %(E€ Be pPpY 
sieadde iNO[09 4jalorA eB 


‘pepps aie joqooyte %oG ur 
uoT}nIOs aplxoipAy unis 


444 


apMOd sul{TeSAIO ayy AA 


(wnwojaonaig) (aejasetid) ureyaoeIAg * (7 
au? pipozval 


dapMOd aul[[eysAIO o}GM ysoul[e 10 dA 


(wnuDiaquaiuayd) Wweraqediuayd ‘Gy 
s1doodsoisAy ‘ajse} 197}14 Wy Japmod ssalinopo pay 


AQ 


NA 


N—N ==HO—HO== OT NO 
| | 


(ajiqnjos wnuidoin yg) (uIpizeiny) afqntos UIBBING “QT 


948k} 191g 


-sejod Ay f 8 jo sdoip @/ApIYal{s qqIM ‘tapMod ssapimopo MO[JaA-YsIuaaIZB IO MOTIAX 


Japmod ouryyeysAro Alauy ay1G MAM 


Ny 
(vIU | Z 
-ayqyse «= ‘uoryiqrgyur| (dnoid aulzel Aq) suz10j 
iojour ‘suotissard ayeytdiaerd (j)1addoo | 
-ap) aseprxoouture | aZueso-par e 4xed -(N) =HI—HNOI—*HO —*HO —HN——HNOD 


{agBeip) | -OUOUL JO LOZIQIYU! | WII0} saTqqnq ses ‘yuode 
sjajqey 3-czo'9 | — quesserdapryuy | -21 s.sulyyay YA yeoH 
saaijpatiap auipttadid pup auipiilid 


(sume Arepuo 
-J98) paAresqo si NOLO 
Ja[OTA-oNT[q B -WOIN OS VpIs 
-snidoijiu wnipos %]F ® 
JO [1 G‘Q ppe “UOTIN[OSsIp 
0} dn ajzezise “Snip 3} 
Jo 3 }°( 04 WOTyN[OS aplxoIp 
-AY WMnipos e jo [WZ pue 
UoTNyjOsS ayeuoqies WNT 
-08 %Z B jo [um Z ppe (¢ 
‘(MoI apr11o0[ yo) 
ploe oyu Ul daATOSSIpP 
4ou sIOp yey} SUIIO} 378) 
-1d1901d a}IGM B SHOT NOS 
ayVI}IG IJaATIS @ ppB ‘*[009 
‘UIUL 7 OJ SNIP 9q4 Jo Uoly 
-njos Joyooye ue [log (Z)} Wy Ysiuears e savy Avul ‘sapmMod a71qM aulypeysAro ATauly 
(Bult d1[o4001939q 


(wnpruojp! Af) ([epamnu) aprure[eIN * Ze 


ay} U1 anydyns aprqd{ns) HO : 
UIstyeUINeYy! year, |UMOIg suiny Jeded 34} S | 
0} pas, ‘WorzoR | ‘YyNou aqny aq 04 dn uoly N99 
otjarAdiyue pue ois | -n[os a}eja0e pea] ev YIM | K! H 4H 


-ag[eue GYM Juase | poyqjan Joded sayy suraq 
syatqe) 8-7°¢ onjstsoyydiuy | ‘aqn} 380} e ul yeaq (J) (wnjospyz0j4) ajozeyio[yD “te 
saaijvariap ajozv1y J 


WIIO} [edIIpay asn UIE] # UOTPBOYIUSPT kg 


(panujzuos) | xipueddy 


442 


s1.10}00d 

eulsue ‘o1jOo 914 

-ydaud = “suoroIRy 

“Ul [BIpivooA pure 

Suny ‘stsoo1eu JOJ 

UOIINjos %MGyo'o | Uoryeredaid [euroip 
YM safnodue|-aul) worse wos 
]Wi-y} pue -2 YUMA o1sasTeuy 


(SISOIATOSOIIY Ie 

[edaydiied pure ‘AI 

-Bu0109 ‘[ecqai1a9) 

$jajqe} 3-¢7°() | dNIp otyoIIpPOSITY 


UIZIIO Snot 
siBl 10 S9[}}0q | -deA jo seruleeue 
Sse[s Ul Sjo[qey| JejodAq pue 
B-F°() pues -ZQ'O) sey s1oumaely-jsog 


‘((aqagory1a Alely 
-194) srvadde INO[OD 4s][OTA 
“par B yyeq JajeM e& Ul 
yeoy pue eplipAyue 919008 
UL plow Ol14Jo JO UOl{Ny] 
“08 %} 8 JO [UI Z UI Snip 
84} JO 3 GoO'O eApossid (1) 


(aaZo1910 Are1}22}) 
parz-A11aq9 suiny AypenpeiZ 
yey] sivadde inoyjoo MoyjaA 
e Ulm QP Io} Yyyeq 19 
“BM B UL Yeo pus ‘azeyse 
‘aprrpAquy 914908 JO [UI | 
‘proe o11yta Jo 8 Go'o ppe 
snip ay} jo B F°9 04 (Z) 

onyq 
sgatuin} Jaded snuryi[ par 
ysloul puke inopo sy Aq 
payo9jap SI yey} saajoaa 
aurtre[Aq jaw -WOT}N{OS 
yeyye ue qm yeazy (7) 


(aprure proe 

NULOIU ev) BIMOUUIB jo 
[Jouls B—UOINOS yeH]e 
ue WIM pue ‘srveadde outp 
Ad Jo [jaws e& ‘ayeu0g 
-129 MINIpos WWM yeaq (g) 
-saplloyyo 

1Of UWOWNTOS ayeiyIU JOA 
[IS @ YAM Uoryovar e (Z) 
(+204) SUIIO} anyq s,[[nq 
WIN], Jo ayeyidioaid ang 
e ‘([[ etverrajoueAoex 
“ay wnisseyod jo UOT NOS 
e pue prloe do; qI0IpAY 
Jo sdoip [exleAas ppy (J) 


TapMod aut[peysAdI aU M 


mm HD 


(wnjiunjuayg) (yAueyuaqd) [Aueyag °C? 


rapMod auljpeysAIo ayIYM YSOTU[B JO aU AM 


(wnulpluiog) (ulaIsue ‘ayemeqied jourpiiAd) aulptmsed °F 


d}SU} II[[Byou VB YM JapMod auiyjeysAIo ssepInopo AMOT[IA 


(wnpluDptiay) IPIWUVllay EZ 


443 


$49,401 pur slap 


-Mod 2-€Q'() pure 
‘-Gzo'0 =*-T00 
uOTIN] 


0s %VO UqtA 
sajnodure = [UW-F 


SzaTqer 3-F00'0 


dslayje ‘eredtyan 
MUo1YO pue aynoe) 
Snip d1sia[[eynuy 


(S130 


-|N yeUaponp pue 


JIIISeS ‘STISSAA [e1a 
-ydiiad jo suiseds 

‘uotstaylad Ay) 
sJosusjodAy = ‘“yuade 
SUIYyIOTG woljsuey 


-dioaid Apino yuid e ‘yeay 
pue wUolwnjios ayeyautel 
wunigoumue ue ppy (Ff) 


Wo €16°69G 
ST jest vUTGoIoWv} = JO 


ainzyeisadwa} uoT}Isodul0d 
“8p 9} (9. 8GZ-7GZ) yulod 
SUIz{auL «= Syl BUI aap 
pue ‘Ap ‘ql 1a}][G Ulm VF 
iayje ‘sieadde azyeyidroaid 
e -SUILITS YyIAX aprtpol 
UINIMIped JO WOL}N]Os [oYoo 


-[e@ ue ppe A[MOTS pue [OT 


O08 UL SNIP aq} BA[Ossiq 


(wnjoivjuayq) [OIBvIUaUd ° 12 


yU1y Ysturveis Apyqstjs savy Aeut ‘1apMod ouljjeysAIO aIGAA 


“HON UN, 49H 
‘HO OH 


4GH 


(wnuryoauaz) (uMmbaure} ‘ambaul) aulysomay, * 97 


Saalgvaidap auiprjanuIngd 


aA, poe 


ayy Ul s1eadde (aul ptiadid) 
Ino[od Ystppel e ‘any 
“XIU a4} o7e}13e pue ‘UOT} 
-njos proe odoTqv0i1pAyq 
N } ®@ JO [WI ¢ ppe ‘aqn} 
4s9} @ OFUI JBAP] WIOJOI 
-O[Y9 84} Jo [Ul ¢ yno nod 
“AIN}XIUL 944 JO UOLpPeog! 
-jeljs Jaqzje ‘jauuny ArozeI 
-edas & Ul WIOJOIOTYO jo 
(Ul G} pue ‘doIyNyos adueio 
jAyjeu & Jo [a 5 ‘(G=Hd) 
8IN}XIM Jang & jo JM Yt 
poe 9119 Jo 8 Fy'O WHA 
snip ay1 Jo 8 Gy xru (Z) 


ULIOJ [BOIPIW 


on Ul I 


xUOT}BIYTUOPT 


UudI4yd 1 L9sap 
‘XINJINIYS SOUTE NY 


(panuiquo2) J xtpueddy 


444 


(uotssa..dop 
sj9yqey |} YA sulpasooid 
pue slapAod 4 | saseasip 


-C()'Q PUB -GZQ'O juessaidaplyuy 


(7939 “You 


-0]8ULLap 


saplloyya 

JOJ UOIYN[OS vpeI}IU JOA 
-[IS B YUM UoljeeI eB (g) 
“WU Z 

Feez ye yeod uomdiosqe 
ue sey WU 082 OF OE 


MOI] UOIZaL 94 Ul WoMNyos 
ae ait ue ane U1} Ystusers ATYBITS WA. 1apMod aurppeys41o MoT[OA yYST] 


-yoods yapoTAed}[N ay} (Z) 
‘(afjopizeaAd) i 
sieadde anojodo AoTj[ad 10H ° N 
e ‘Snip ayy jo 8 zo'9 01} | 
ayeiju WNIpos JO s 70'0 — 3H 


“Usou0d JO [ur | ppv (1) 


saaijvaiiap ajzopu] 


(njopizpsfig’) ajopizesAd * 8% 


(sduII d1yeUIOIe) sieved 
-de anojod uMoig-Ali1aqo 
aAIsuayaI ue  ‘(yuadeel 
S,Uqo1ejy) pioe otanydyns 
payeijuaou0d Ul UOT TOS 
apAyepleuio] e jo sdorp 
avalG} ppe pue ssejs yool 
-qo Ue UO SNIP sy} Jo sje} 
-SA1) [[WWs [ereAas ynd (¢) 

(septazo[ qo) 
smo; ayeyidiseid Apimo 
JVIGM 8 JUOLNjOS 9}e141T 


JaATIS B ppe pue plow 114 gjse} J9VIG YUM JapMod sut{pe}sALo ssapNOpo q1Y AA 
“Ta GYM ajely[y oy} AN 
-ploe 3ylJay[y pue ‘ayeyise HO 
‘GOIJNjos 1;ey]e ue ppe (Z) 1H - | 
(3UIp *Ho— 
-Tyonuinb) auoja0e Ul ag Spal 


s 
“IOS SI JG} suo; a]e}T Hd 


449 


WOTyNy]OS 

%VO'O Gd 
sojnodme [Ul-] (uolsuojied 
‘$}91qe} Bu-Gp‘9 | -AY Jo suloj sno 
pue -Gj0°'9 | -tteA) sJosuayod AY 


(saqiq sory ‘spunoA 
sulTeay AJ1ood 
‘sarospaq ‘sarqtured 
-4x9 JO siaoqn oryd 
O01} ‘WOTPe[NIIID 
poojq yeseqdised 
$jo[qe] pue siep| Jo Slapiosip) snap 
“Mod 3 -CZO'() I1BLIUIIPe-1UV 


Wo} [espa ash ULe fl 


(MOTJN]OS UITEJoTA 

OTploe Ue Wi WOsiredm109 
Ul painseam) wu Z+FGZ 
ye yead UotjdJosqe ue sey 
WU O8Z 0} GEZ UOI} UoIgaT 
aq} Ul snip ey} jo UoOl} 
-NYOS 9Ul]TeyTe ae Jo windy 
-oads JelorAelyjn aq} (§) 
“WU Z 


+08¢ 38 pue WU CFCS 


ye syeed wordiosqe oA} 
sey WU (OE 0} OF Wodj 
uoIsol 9} UY J0ze@M UI 
uoTyN[OS %ZO"9 B Jo Nd) 
-oeds yefotAvly[n ey (Z) 

-Sapt1oy qo 
JO] dOTNOS ayeIyTU IAA 


-[I8 8 YJIM UOTydee Y (Jt) 


(aseq 
ouimejoyueyd a4) arn} 
-B190 W139} WOOI ye $9Z00I] 
yey} sulioy pmbiy MoTjaA 
ATlo UB ‘UoIyNyos elUowMe 
payelyuaou0) & ppe pue 
qajyem joq Ul snip a 
GA[OSSI(] “SMII0} 9} ed TOOId 
UddIS JYSI[ & [WOIINOS ayep 
-eueA uIniuouWe Ue pue 
ploe o110TYoorpAY ppe ‘[oy 
-O9[8 Ul SnIp aq} IAlossiq 


JapMod aul]{eySA19 ay AA 
\ H \O 


N 
10H ° Pan 
19 


(wnuijeydoi)) (doyuey ‘auIpluLo[yo ‘autpimoys) urfajoyD “gE 


JapMod aulpyeysAi19 paimmojoo-meais ATWYSI[s 10 aT A 


On 


H 


/ 


N 
19H | Hon 


(wnuluvjojuayq) (aulareloyuayd) aulmMelojUey * GZ 


Sani{DALLap aUlJOZDPIW] PUD ajorpplwy 


+ UOlp Bog tpUuopT 


u0I4ds10sap 
‘ainjoni4ys ‘oweN 


(panuijuo9) | xtpueddy 


446 


syoTqey 3-GL0°0 


uory 
‘njos %G'} pue 
} QqI4 saynod 
-me [a-G pue 
“€ -sjo[qe} pue 
slapMod = =6-}'9 


s9[}}0q [UI-0} 
ur (%Py pue 
GO'Q) wWoINyos 


(polzad wolyo1e} 
-Uljsod BSULINpP UOT4 
~O1ejUl [eIpre oA UL 
jo sixe[Aqdosd 
‘stsole[9s AIeUOIOD 
‘s1z0j00d = euIdUR) 
SNIp eursueijue uy 


SISO 
-Ieu [BoIsINs 1aqye 
pue sulinp ‘sors 
-asjeue pue sd1409 
-1eu Aq sutuosiod 
Ul JOVeINWYS Uo! 
-elidsal e se pasn 
Sj ‘914u99 Arojerids 
“a1 84} Se7e[nNwMIyS 


AYLABD 
[eseu 94} Jo sasea 
SIP O1819|][e 19040 
pue ‘ezAioo ‘sty 
“Iqi Jeol} 0} pasa 
"sfidnd 9} sozeTIp 


| ‘ainssald pooTq 9q} 


SdSIel pUe S]assaA 

poojg [ersydised 
8} SJOII4}su0d :sNAip 
o1JOTMOUsIpe UY 


(SUL 9U0JOR] 84 IOJ WOT} 
-Oe01 B) SUIPULIS JJO] UoyM 


| Jadaap Seul0seq YOIqA INo | 


-[09 onfq e sermbor uo 
“Nos 94} -[oqooye C6 ul 
[ousqdourme-7 pue I[eyTe 
ue jo wornjos e ppe (7) 

‘(puog Woqied poyeiny 
-esun Ue) INO[OD s}I sosoT 
monnios yurd ay} ‘ploe 
alingd[ns yA peYiproe 
uoIyjos ayeuesueuried 
unissejod ev (IA yeoxy (J) 


(ouLUIe 
AdJepuoosss) enfq um) o} 
zaded snl] Ilour sesne"o 
modeA <ssoyM aurureyA 
-qjew JO;[]OUIS e yaa} noA 
‘WOTIN[OS BplxXoypAY wNIp 
0s %OE eB JO jas qi 
snip 94} JO 3 4'9 [leg 


Oo UGbSTF St onpises 
oy} jo yurod Surnjew oq) 
‘yt AIP pue Jeyjo YALA 
aseq Uiziyjeu ey} yVIyx9 
‘UOTpNjOS opIxorpAy winip 
“OS B ppe ‘jauuNy Arozere 
-das e OUI Snip‘ ayy jo 
uoTynjos snoenbe ue yng 


Inopo sy1oeds yYsI] e YIM JapMod eultyeyshi9 Ayeuy oy AA 


, 0 O— XH—~9—-0'95H 


"HON, SS I 


(wnuawiois0gin7) (UIpIoo1eyUI ‘UTesMaqyUT) UaTIOI.0gIe7) ‘EF 
SaaljpaLlap aUuowoLly 4 


JapmMod ourfyezsAIo az AM 


SHtO 
fHO HNN, q 
oF" Tl 7 
‘HO—HN—9O N 
oF 


(uinjoz1Uu2Yy7aP7) a[OziMiyy| “ZF 


yaty YstMoTpaA savy Aeur ‘aepmod ouryyeysAro ON M 
“ONH = 
N | 
f rd 


(unuiziyjydoyy) (uliouRs ‘auljozeydeu) UIZIyyeEN * FE 


plow d1UT}OOIU Jo 
6 G)'Q puv suru 

-o1qooqy{Axey 
jo 8 GZy sul 
-UIB]M09 §491GBL 


doIyn] 
0S %G] yA 
seTnodwe [W-OF 
pue -z ‘(aaderp) 
sjorqey 3-GT0 


(SIsOl 
-9Joso1eq}e) uUleiq 
94} 0} poo[q je 
Ajddns aq4 sasoid 


“Wil  ‘“OyeTIposeA 
jeaq 
qlevay suayysuelys 


pue S[OSSOA 
Jereydiied soyeyiq 

‘1osuejodAy pue 
quase o1yAjourseds 


(€'L¢ °99 
gas)  oazuaqo1o;yso1}IU 
“Ip-7'Z GJM wolyowvar (€) 

(ayeUl}OOIM foulyUeX 

998) UOT Nos ayeydins 10d 
-dod e@ YylAi woryoRel (Z) 
‘SUL outInd 3} 

Of 480} Oprxainul 9yy, (J) 


Sul oulind oq 

IO} 989] Oprxeinm oq (¢) 
(prow oTury 

-oo1u0 jo dnoig [Axoqied) 
ayeridiseid enjq e& SUIIO} 
wornjos ayeydyins saddoo 
BY (2, 02 38) SNIp ayy 
jo uotjoerjxe snoenbe (z) 
(@°1Z ‘909 das) (BUTI oUIp 
-WAd) atezuaqo1oyy201}10 
“Ip-7'Z YM wooeey (7) 


lapMod auipjeysAIo 9}1Y AA 


~ ; 
N O 
Nx p NZ 
| a HO Siz € 
HOOD 
we 
(winufizay?A7) UISY@BIN ‘GE 
gepMod auippeyssio ayy A 
cs HO 
| 
HO € 
OH 
HO \n 
HO'HOHOS L . > 
az HI—HO-—— “HO. 


(spuijozIu 2jzouljuDyX) (UIMMe{TdUOD) a}JeUT}OIIU JouIyUReX “FE 


Saaljvallap aUulindg 


sapiloyyo 
IO} wWOIWNjOS' ayeiyIm IaA 
-[IS B YYIM uolyoved & (%) 
‘UU ZZE JO YySUajoAem & ye 
yead uoidiosqe ue seq [oy 
-0o78 %GG Ul BNIp aj jo 
dotyNjos % TOY B Jo uNIy 
-oods yoyorAesy[N oy} (€) 


UlIOJ [eI PIA 


osn UleI 


#U0:48IGIWUIPI 


uol4d (asap 
‘OM 4INAYS *9WeBN 


(panuzuos) | xtipueddy 


448 


UoIjnjos %GC'zZ 
yim sopnodme 
[i-Z -839[qe} 
paye0d  8-GZu"() 


OBI psvd 


(sapisoaAT3 
Jo <asop 


-I9A0 0} Ollp VIM 
-Aqiie) yUsse 917A] 
-oulseds ‘U01}e}e [Ip 


[988A 


Areuolo’ 


MOIN[OS 9781} dA 

“[is @ YUM 978139 94} Ul 
SOplIO[ YO auluLIeyap WoL} 
“hyos [eye Ue YIM ese 
Snip oy} oyeyidioeid (g) 
‘(dnoig Axoqje 

-qied) MIOJopo! Jo anopo 
ue [edJ [IM noA ‘uorynyos 
eulpor N JO ® jo sdoup 
G,pue uoIyNjos eprxorpAY 
Gnipos Be yo [Ur | Yara 
snip 947 Jog Ey’9 3eeq (Z) 
-(oulpoydiowl) 

suo} oyeyidiooid AMO] 
-[9A B BUIly GyIM SMOTIIA 
sun, yeyy sivedde Nooo 
Usais B ‘eel 94} 0} 
UOlpNOS 971171 WINIpoOs zB 
jo dolp auo ppe pue yied 
puodss 34} 1079 (OATVeATI 
-op aUIzelyyoueyd) yofora 
14d11q SemI0D9q ANO[OD 944 
‘1a3eM aUlMoIg Jo [W Jf 
ppe pue iajeM Jo [WwW / 
WM ado ysl oY} 93N{Tp 
‘sjied OM} OFUL JI APLAIp 
pue ainjxIW Wo1joVel ety 
[ooo ‘sivedde Inojod oe{IT 
431, B pue plqin, sau0s 
-aq A[[enpeis UOryNyos 9q4 
‘Ula fF SUlINp [log ‘proe 
10, yI01pAy = eynyIp jo 
[Wg Ul Suryeay YyIM Bnup 
ay} JO 3 GO'O eAossiq (J) 


JYSI] UI sudy 
“IW J “yUIY parnojoo-weaio aaeg Avul ‘iapMod autqpeysAro oy1GM 


2 
O N—*HOI—‘*HO—I9=0 


ram | 
TOH + SH°OO0—IO—N N 
7 TOOO 


(uinuizoujapy) (@UIZIDeIOW) BUIZOWIG “OF 


Saaljvaidap aulzplYyjouay gd 


V/g 29-—01542 


-08 %cz J} UyM| (SazeIs possaidap (aaize(qyousyd) 
sajnodue [Ul-} | pue peyqnol4) yooyje | MostwUIID 4yYsty suiny U0T4 
‘$ja7Tqe} poayeoo | aATjepas B YIM] -NJOS oy “ayBM oUIWMMOIg 
8-GZ0'0 PUB -TO') yuessordepryuy | YIM Sulfiog 07 dn yeoy 


(autze1ad10yy 901d) 
auIze1a}ouL «Ss pue = (aUlIze 
-uaydied) outzerrdeyyo 
IO} jdeoxe solles 9uize 
-1yjoueyd 9244 jo senip 
194}O 9Y4 WOIJ -WOTYOUTISIP 
ayi] sreadde anojoo moT{aA 
e ‘auezueq jo soussoid 
ely Ul an{q jousydowoig 
YUM snip ayy jo worn 
-os snoonbe ue eyeyise (7) 

-COTINJOS 93e1}IM IBATIS 
e YIM woTjoea e Ag 97eI4 
-[J 9} Ul payojop 18 
SaplloT yo <uoryNjos [ey 
-[e Ue ZUISN aseq sUIzeTyoe 
wou 90} 9}eyIdtO0I1d -(¢) 

‘(auIzeryyousyd) sieved 


(winUuIZIIDIOYIN | ) (auizroenqj) OUIZIIBVIOFA “QE 


-de INo[Oo uostUTZD & ‘194 JapMod ourpfeysh19 Moppad ystAesp 
“EM BUITIOIg Y}IM yeaqy (Z) 
(s1a0qoed ears ‘mI ZFZGZ 4¥ (~~ ~N—"Ho—"HO—9=0 
“ue wotTyoreyarysod | yeod uoljdiosqe ue sey TOHZ- 
‘SHIS}e YUSAVIG | TAU YOL-OSZ JO UOBE 9) OI 19 N 
0} ‘eIMaeYIST) | UOTINTOS ploe o1IOTYooIpAY 
yose SUIYeIIP| V JO 8 Ul ANIp aq} jo. S 
sjo[qey | [assaA =—s_—- ATeMOIOD | VOT4yNjos BZ" Be fo WNT 
poye0o 8-G0'9 | pue o14Ajousedg|-oads yazoIAei}{N oq, (Ff) (wnuizpjyoDuo jy) (AULZLO[Goeze) SULZeTGORUON ‘/¢ 
WO} [BI PI asl ULB A ~xUOlTBOYTTUOPT uol}d{10sop 


‘ainjonijs ‘swWeN 


(panuzjzuo9) | xipueddy 


450 


(suor} 
-oalul 10} Jayem (eIUUIOSUT 
JO JW Q}) JUaA}‘ssetjs ‘UOI}eLLII 
-[OS YqIM paid | peseerour = ‘uoryey 
-dns saynodue | -10xe ‘mete Aq po 
B-}') ‘aedelp 3} -pUaz}e soyeys O1401 
-Ju'd pue -cug'(:| -Nea) roztIpMbuey, 

UOI4N] 


{suousydozueq ou 

-Iue) sisedde oAp oze ue 
JO IMOj[oo oY} ‘joy yd eu-z 
pue 9}1141U WNIpoOs Jo uoly 
[OS B@ ppe ‘ploe o110]q9 
-orpAY AVG Git yeoq (€) 
-(dasoyey 

e JO} 480} 8,UTa}s]Ieq) 
Usels paINo[oo seuloceq 
yey} seumng e jo omelj 
ay} OJUL AIIM IJeddoo e uO 
suleig snip sonpoisut (Zz) 
V9} St aftrya 

-OSt JO dnopo yuasund ve 
-(ourme) enjq deded snu 
-}I] Pat JSIOW SINOTOD yeu 
S@A[OAD Inodea eiuoulmMe 
‘Tyeyye ue GWM yay (7) 


jU14 YsIMoT]aA QyIM JopMod oulypeyss19 9414 MA 
O 
t 


N==9 
‘'HO——NH 


(wnpirdazojy7) (uinlua[a ‘aptxodezeipzoy,yo) pisydezoyyy ‘6¢ 


saaijpaiiap auidazpipzuag-p 7 


yury 
painojoo-tieaid aAey Avett ‘IapMod daulT[eIsA10 SsseTMopo IPO 
*H°O 
19H : i. a eet 
Sieg 


| 
meee 


451 


29% 


(eIUuIOS 


"SUIIO} 
JIU yopOUA B ‘IgTING we Jo suel] 


ay} Uo aqny 4sa} AIp e ul yeay (¢) 


‘HU #CZ JO YISUITIACM Bb 
ye YS] JTOUAeAYN UL saseaLloul 
qeq} stvaddy aouadsal0ny Usels eB 
‘proe otLoyyoorpAy 10 ‘o1unqdyns 
‘NIOTqIIad «GWA BNIp ayy jo 
UOINJOS UIOJOIOTYD eB yoRaL (%) 

‘(stisAjorpAy 1azye 
autuie Aiewuiid) sivadde anojoo 
par AlJaqo & ‘UNI paul oulje ye ue 
ur yoyyyded-¢ pue 3}t1jtU WINIp 
-OS ppe ‘MOLINOS plow IILOT Yop 
-AY AN Q 8 QyiM [log pue jeay (g) 

‘(pisydazo,yy as) uasoyTeYy 

LO} 4804 S,Ulaystlag aatyisod (Z) 
‘(aurure) 

anjq daded snul}iy pat stow 


sapMod pue|-Ul ‘sajyeys 91401 |SINOTOd yet, SaAToOAa INodea viv 


syarqe} §=3-cqgo'9 | neu) Jeztyimbuery, 


(sasop Ja{jeus 

Worn] | UI = sye ‘aatyooj 

-08 %c() UJIM | -Ja dLOUI S8UII}eMI0S 
Sajnodure yur-¢| ‘pisydezoyyo 0} 
‘sJatqey 3-Gyo'() | aso[o) deztpmbue J, 


ome ‘ITeyTe Ue YUM IAW (7) 


(auousydozueqour my) 

MoT]aA suUIN} UOyNpOs aqy ‘proe 
o1ropqoorpAy Ay g YIM yeay (€) 
‘(pisydazo[qy aes) Uaso[ey 

OJ 483} S,Ulays[lagq @eATyISod (Z) 
‘(aurure) 

anjq deded snuyi{[ pal sino 
-[0) 78q} SA@ATOAD INOdeA sume 


-[AY JOU ‘1yeyye ue YM IAW (J) 


JUI] YSIppel WIM sye}SAIO ssafINojo) 


J 
N=) 3 
‘HOC 
J—N 
oF iH 


(wnwodazpuayd) wedaezeuayd * th 
sjeysA10 ssayno[op 


19 
N=) Ne 
we IG 
J—N 
oI 
"HO 


(wnuozpgig) (WaxNpas ‘uredazeIp) auozeqIS * YF 


WO} [eIpIW osn UIRAL 


xUOIPBIYIPUIP] 


udI}al1Osap 
fQunjgondys ‘IuUIeN 


(papnjau02) | xtpueddy 


452 


Appendices 453 


li. ANALYSIS OF DRUGS ACCORDING TO PRESCRIPTIONS 


Analyse the following powder: 

Phenobarbital, 0.05 ¢g 

Bromisoval, 0.15 

Papaverine hydrochioride, 0.03 

Caffeine and sodium benzoate, 0.025 g 

Sodium tetraborate, 0.3 g¢ 

1. Write the prescription in Latin. 

2. Perform identification reactions. 

Phenobarbital. To 0.1 g of the powder add 0.5 ml of 95% alcohol, one or 
two drops of a cobalt nitrite solution, and one drop of an ammonia solution; 
a violet colour should appear. 

Papaverine hydrochloride. (a) to 0.05 g of the powder add one or two drops 
of a formaldehyde solution in concentrated sulphuric acid and heat the mixture 
slightly in a water bath; a violet colour should appear; 

(b) to 0.05 g of the powder add 0.5 ml of nitric acid and heat the mixture in 
a water bath; a yellow colour should appear. 

Bromisoval. (a) to 0.03 g of the powder add 0.3 ml of water, 0.2 ml of con- 
centrated sulphuric acid, and heat up to boiling; an odour of isovaleric acid 
should be felt; 

(b) to 0.05 g of the powder add 0.5 g of perhydrol and 2 ml of concentrated 
sulphuric acid, in one or two minutes add 2 ml of water and after cooling the 
mixture agitate it with 2 ml of chloroform; the chloroform layer should be 
coloured yellow; 

(c) to 0.05 g of the powder add four or five drops of Nessler’s reagent and 
heat the mixture in a water bath; a yellow-orange precipitate should form. 

Sodium tetraborate. Put 0.05 g of the powder into a porcelain bowl, add 
one to three drops of concentrated sulphuric acid, 2 ml of 95% alcohol, and 
ignite the mixture. The alcohol solution should burn with a flame having a green 
ringe. 

Caffeine and sodium benzoate. To 0.1 g of the powder add 1 ml of water, 
4 ml of dilute hydrochloric acid, 3 ml of ether, and agitate during one minute. 
After stratification, separate the ether layer, add 2 ml of water and 0.5 ml of 
0.14 N sodium hydroxide to it and agitate the mixture. Next add one drop of an 
iron(III) chloride solution; a pink-yellow precipitate should form. Give a 
chemical substantiation of the above reactions. 

3. Conduct a quantitative analysis. 

Papaverine hydrochloride. Shake 0.4 g of the powder with 2 ml of water, 
next add three drops of a bromophenol blue solution diluted with acetic acid 
to a yellow-green colour (about 2 ml), and titrate with a 0.02 N silver nitrate 
solution until a violet colour appears (a ml). One millilitre of the 0.02 N silver 
nitrate solution corresponds to 0.007 517 g of papaverine hydrochloride. 

Bromisoval and papaverine hydrochloride. To 0.05 g of the powder add 1 ml 
of a 10% sodium hydroxide solution and boil the mixture carefully for three 
or four minutes (direct the mouth of the test tube away from your face when 
boiling the mixture!). After cooling the mixture, add 2.5 ml of dilute nitric 
acid, six or seven drops of an ammonium iron alum solution, 2 ml of a 0.1 N 
silver nitrate solution, and agitate the mixture. Titrate the excess of the 0.4 NV 
silver nitrate solution with a 0.4 N ammonium thiocyanide solution until a yel- 
lowish pink colour appears (b ml). Simultaneously perform a control test (b, ml). 
Calculate the amount of bromisoval from the difference between the volumes 
of the 0.1 MN silver nitrate solution used in the titration of the sum (b, — 6b) ml 
and the volume of the 0.1 N silver nitrate solution (@ ml) used in the titration 
of the papaverine hydrochloride divided by 10, i.e. [(6; — 6) — a/{2 X 5)j. 
one milli itre of the 0.1 N silver nitrate solution corresponds to 0.022 31 g of 

romisoval. 
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Notes: (1) a ml is divided by 5 because the concentration of the 0.2 N silver 
nitrate solution used for the titration of the papaverine hydrochloride is one- 
fifth of the concentration of the 0.4 NM silver nitrate solution used for the titra- 
tion of the sum of bromisoval and papaverine hydrochloride; (2) a ml is divided 
by 2 because the mass of the sample taken for determination of the papaverine 
hydrochloride is double that of the sample taken for determination of bromi- 
soval together with papaverine hydrochloride. 

Phenobarbital. Put 0.1 g of the powder into a dry test tube, add 2 ml of 
ether, and agitate the solution during one minute. After settling of the precip- 
itate, filter the ether extracts into another test tube. Repeat the extraction of 
the phenobarbital with 2-ml portions of ether three or four times more, agitat- 
ing one minute each time and filtering the ether extracts through the same 
filter. Add 2 ml of water and six or seven drops of a mixed indicator consisting 
of equal parts of phenolphthalein and thymo! blue solutions to the ether extracts 
and titrate with a 0.02 N sodium hydroxide solution with agitation until the 
aqueous layer, after settling, becomes violet. One millilitre of the 0.02 N sodium 
hydroxide solution corresponds to 0.004 644 g of phenobarbital. 

Sodium tetraborate. Dissolve the residues on the filter and in the test tube 
in 2 ml of water, add one drop of a methyl! red solution, and titrate with a 0.1 NV 
hydrochloric acid solution up to a pink colour. One millilitre of the 0.1 N hydro- 
chloric acid solution corresponds to 0.019 07 g of sodium tetraborate. 

Caffeine and sodium benzoate. Add 3 ml of ether and one drop of a methyi 
orange solution to the titrated liquid and titrate while stirring the mixture 
vigorously with a 0.02 N hydrochloric acid solution until the aqueous layer 
becomes pink after settling. One millilitre of the 0.02 N hydrochloric acid solu- 
tion corresponds to 0.002 882 g of sodium benzoate. 


Analyse the following mixture: 

Ephedrine hydrochloride, 0.2 g. 

Dimedrol (diphenhydramine), 0.00 g 

Novocaine (procaine), 0.05 ¢ 

2% boric acid solution, 10 ml 

1. Write the prescription in Latin. 

2. Perform identification reactions. 

Ephedrine hydrochloride. To 0.5 ml of the mixture add 8-10 drops of a 10% 
sodium hydroxide solution, two drops of a 10% copper sulphate solution, and 
agitate the mixture. A violet-blue colour should appear. Next add 2 ml of ether 
and again agitate the mixture. After settling, the ether layer should be col- 
oured red-violet. 

Dimedrol. Put four or five drops of the mixture into a porcelain bowl and 
evaporate until dry. Add two or three drops of concentrated sulphuric acid to 
the dry residue; a yellow colour should appear that should vanish when several 
drops of water are added. 

Novocaine. To three-five drops of the mixture add five or six drops of dilute 

hydrochloric acid, two or three drops of a 1% sodium nitrite solution, and pour 
Q.1-0.3 ml of the mixture obtained into 1-2 ml of an alkaline solution of 2-naph- 
thol; an orange-red precipitate should form. When 1-2 ml of 95% alcohol are 
added, the precipitate should dissolve with the appearance of a cherry red 
colour. 
_ Boric acid. Evaporate three to five drops of the mixture in a porcelain bowl 
in a water bath until dry. Add 1 ml of alcohol to the residue and ignite it. The 
alcohol solution should burn with a flame having a green fringe. Give a 
chemical substantiation of the above reactions. 

3. Conduct a quantitative analysis. 

Novocaine. To 1 ml of the mixture add 2 m1 of water, 1 ml of dilute hydro- 
chloric acid, 0.2 g of potassium bromide, two drops of a tropeolin-00 solution, 
and a drop of a methylene blue solutions, and titrate at 18-20 °C with a 0.02 M 
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sodium nitrite solution, initially adding 0.2-0.3 ml every minute, and at the 
end of titration (from 0.4 to 0.2 ml before the equivalent point) one or two 
drops every minute until the red-violet colour turns blue (a ml). Simultaneously 
perform a control test (a, ml). One millilitre of a 0.02 M sodium nitrite solution 
corresponds to 0.005 456 g of novocaine. 

Ephedrine hydrochloride, dimedrol, novocaine. To 1 ml of the mixture 
add two drops of a bromophenol blue solution and dilute acetic acid dropwise 
until a greenish yellow colour appears, and titrate with a 0.4 N silver nitrate 
solution up to a violet colour (b ml). Calculate the sum of the ephedrine hydro- 
chloride and dimedrol from the difference between the volume of the 0.1 N 
silver nitrate solution (0) and that of the 0.02 M sodium nitrite solution (a — aj) 
divided by 5, i.e. [6 — (a — a,)/5]. One millilitre of the 0.4 N silver nitrate 
solution corresponds to 0.021 97 g of the sum of ephedrine hydrochloride and 

imedrol. 

Novocaine, dimedrol, ephedrine hydrochloride and boric acid. To 0.5 ml 
of the mixture add 1 ml of water and a mixture consisting of 2 ml of chloroform, 
2 ml of glycerin, and 1 ml of alcohol after neutralizing the mixture using 
phenolphthalein as an indicator. Titrate with a 0.4 N sodium hydroxide solu- 
tion with agitation up to a pink colour of the aqueous layer. Add glycerin and 
continue the titration with the 0.4 N sodium hydroxide solution until a stable 
pink colour is obtained in the aqueous layer (c ml). Calculate the amount of 

oric acid from the difference between the volume of the 0.14 N sodium hydroxide 
solution (c) and that of the 0.1 MN silver nitrate solution (b) divided by 2, i.e. 
(c — 6/2) ml. One millilitre of a 0.14 N sodium hydroxide solution corresponds 
to 0.006 183 ¢g of boric acid. : 


Analyse the ointment “Sunoref” .(Preobrazhensky’s ointment): 

Streptocid (sulphanilamide), 5 g 

Norsulphazol (sulphathiazole), 5 g 

Sulphadimezine (sulphadimidine), 5 g 

Ephedrine hydrochloride, 1 g 

Camphor, 0.3 g 

Eucalyptus oil, 0.39 ¢ 

Vaseline (petroleum ielly), 100 g 

1. Write the prescription in Latin. 

2. Perform identification reactions. 

Streptocid, norsulphazol, sulphadimezine. 

(a) To 0.2 g of the ointment add 2 ml of dilute hydrochloric acid and heat 
until the vaseline melts. After cooling, separate the water extract and add two 
or three drops of a sodium nitrite solution. Pour 0.5 ml of the mixture into 
1 ml of an alkaline solution of 1-naphthol, a cherry red colour should appear; 

(b) to 0.5 g of the ointment add 3 ml of ether, 2 ml of a 0.1 N solution of 
sodium hydroxide and agitate the mixture. Next add two drops of a 10% copper 
sulphate solution; a yellow-green colour should appear that transforms into 
dirty violet. _ , 

Ephedrine hydrochloride. Put 0.5-0.7 g of the ointment into a test tube, 
add 2 ml of chloroform, 2 ml of water, and agitate until the vaseline dissolves. 
Separate the aqueous layer with a pipette and filter it through a filter wetted 
with water. To the aqueous filtrate add three drops of a 10% sodium hydroxide 
solution, one drop of a 10% copper sulphate solution, 3 ml of ether, 1 ml of 
alcohol, and agitate the mixture. The ether-alcohol layer after settling should be 
violet. Give a chemical substantiation of the. above reactions. 

3. Conduct a quantitative analysis. | 

Ephedrine hydrochloride. To 0.5 g of the ointment add 3 ml of ether, 1 ml 
of alcohol, 2 ml of water, and agitate until the vaseline and the drugs dissolve. 
Next add 0.5 ml of a 10% sodium hydroxide solution and again agitate for one 
minute. After settling, separate the ether layer with a pipette and filter it through 
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a filter together with 0.5¢ of anhydrous sodium sulphate preliminarily wet- 
ted with ether. Repeat the extraction of the ephedrine base three or four times 
in 3-ml portions, each time agitating for one minute and add them to the 
first portion of the ether extract. Add 2 ml of water and one drop of a methyl 
orange solution to the ether extracts and titrate while shaking the mixture 
with a 0.02 N hydrochloric acid solution until the aqueous layer turns pink 
(aml). Simultaneously run a contro] test. For this purpose, to a mixture of 9 ml 
of ether and 2 ml of water add one drop of a methy! orange solution and titrate 
with a 0.02 N hydrochloric acid solution until the aqueous layer turns pink 
(a; ml). Calculate the amount of ephedrine hydrochloride from the difference 
(a — a,). One millilitre of 0.02 N hydrochloric acid corresponds to 0.004 034 g 
of ephedrine hydrochloride. 

Norsulphazol, sulphadimezine, ephedrine hydrochloride. To 0.25 g of the 
ointment add a mixture of 2 ml of chloroform and 2 ml! of alcohol neutralized 
using a mixed indicator consisting of equal parts of solutions of thymol blue 
and phenolphthalein, next add 2 ml of water and agitate until the base and the 
drugs dissolve. Titrate while agitating with a 0.1 N sodium hydroxide solution 
until the aqueous layer becomes violet (b ml). Use the difference between the 
volume of the 0.1 N sodium hydroxide solution () and the volume of the 0.02 N 
hydrochloric acid solution divided by 10, [b — (a — a,)/(5 X 2)] to calculate 
the sum of the norsulphazol and sulphadimezine. One millilitre of the sodium 
hydroxide solution corresponds to 0.026 68 g of the sum of norsulphazol and 
sulphadimezine. 

Notes: (1) We divide (a — a,) ml by 5 because the concentration of the 
0.4 N sodium hydroxide solution is five times greater than that of the 0.2 NV 
hydrochloric acid solution; (2) we divide (a — a,) ml by 2 because the mass of 
the ointment sample in determining the ephedrine hydrochloride is double 
that of the ointment when determining the norsulphazol and sulphadimezine. 

Streptocid, norsulphazol, sulphadimezine. To 0.25 g of the ointment add 
2 ml of chloroform, 2 ml of hydrochloric acid, and agitate the mixture until 
the base and drugs dissolve. Next add 2 ml of water, 0.2 g of potassium bromide, 
and two drops of a tropeolin-00 solution. Titrate with a 0.14 M sodium nitrite 
solution, first adding it at a rate of 0.2-0.3 ml a minute, and at the end of titra- 
tion (0.4-0.2 ml before the equivalent amount) at a rate of one or two drops 
a minute until the red colour turns yellow (c ml). 

Calculate the streptocid content in grammes by the formula 


x — Heb) —(a— an)/ (5 X 2)] X 0.0472 116.7 
|: 


where c is the amount of the 0.1 M sodium nitrite solution used to titrate the 
sum of the streptocid, norsulphazol, and sulphadimezine, ml, and [(¢e — b) — 
(a — a,)/(5 X 2)] is the amount of the 0.1 M sodium nitrite solution used to 
titrate the streptocid. One millilitre of the 0.1 M sodium nitrite solution corre- 
sponds to 0.0172 g of streptocid. 

Note: To calculate the content of ephedrine hydrochloride, the sum of 
norsulphazol and sulphadimezine, and also of streptocid, take three samples 
of the ointment with a mass of 0.5, 0.25, and 0.25 g, respectively. Other masses 
of the ointment samples will make the calculations more complicated. 


Analyse the mixture: 

Dimedrol (diphenhydramine), 0.05 ¢g 

Ephedrine hydrochloride, 0.4 g 

Boric acid, 0.2 g 

Furacilin (nitrofural), 0.002 g 

0.8% streptocid (sulphanilamide) solution, 20 ml 
4. Write the prescription in Latin. 

2. Perform identification reactions. 
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Streptocid. (a) Put two or three drops oi the mixture on a strip of newspaper 
and add one or two drops of dilute hydrochloric or sulphuric acid. An orange 
colour should appear on the paper. 

(b) To three-five drops of the mixture add three-five drops of a 3% hydro- 
gen peroxide solution and the same amount of an iron(III) chloride solution. 
A red colour should appear that gradually turns brown. 

Dimedrol. To three-five drops of the mixture add one drop of dilute hydro- 
chloric acid, two drops each of a 10% copper sulphate solution and a 5% ammo- 
nium thiocyanide solution. A brown colour should appear. 

Ephedrine hydrochloride. To 0.5 ml of the mixture add 8-10 drops of a 10% 
sodium hydroxide solution, two drops of a 10% copper sulphate solution, 2 ml 
of ether, and agitate the mixture; after settling, the ether layer should be col- 
oured red-violet. 

Boric acid. Evaporate three-five drops of the mixture in a porcelain bowl] 
in a water bath until dry. Add 4 ml of alcohol to the residue and ignite it. 
The alcohol solution should burn with a flame having a green fringe. 

Furacilin. To 0.5 ml of the mixture add five drops of a 10% sodium hydro- 
xide solution; a white precipitate should form (dimedrol, ephedrine) and a red- 
orange colour should appear (furacilin). Give a chemical substantiation of the 
above reactions. 

3. Conduct a quantitative analysis. 

Streptocid. To 0.5 ml of the mixture addi ml of dilute hydrochloric acid, 
2 ml of water, 0.1 g of sodium bromide, two drops of a tropeolin-00 solution, one 
drop of a methylene blue solution, and titrate with a 0.02 M sodium nitrite 
solution, initially adding 0.2-0.3 ml a minute, and at the end of titration 
(0.4-0.2 ml before the equivalent point) one or two drops a minute until the 
red-violet colour turns green. One millilitre of the 0.02 M sodium nitrite solution 
corresponds to 0.003 444 g of streptocid. 

Dimedrol, ephedrine hydrochloride. To 1 ml of the mixture add five drops 
of a 10% sodium hydroxide solution, 1 ml of alchohol, 2 ml of ether, and agitate 
the mixture for one minute. After settling, transfer the ether layer with a pipette 
onto a filter containing 4 g of anhydrous sodium sulphate and filter the mixture 
into a different test tube. Repeat the extraction with ether in 2-ml portions 
three more times, agitating each time for one minute and filtering through the 
same filter. At the end of the extractions, rinse the filter with 2 ml of ether. 
Add 2 ml of water to the ether extracts, one drop of a methyl orange solution, 
and titrate with agitation with a 0.4 N hydrochloric acid solution up to an 
orange-pink colour of the aqueous layer (a ml). One millilitre of the 0.4 N hydro- 
chloric acid solution corresponds to 0.02 117 g of the sum of dimedrol and 
ephedrine hydrochloride. 

Boric acid, dimedrol, ephedrine hydrochloride. To 0.5 ml of the mixture 
add 2 ml of chloroform, 1 ml of alcohol, 2 ml of glycerin neutralized using phe- 
nolphthalein as an indicator, and titrate while agitating with a 0.1 N sodium 
hydroxide solution until the aqueous layer after settling becomes pink. Next 
add 2 ml! more of the neutralized glycerin and if the colour disappears, titrate 
once more until a pink colour appears. Continue to add glycerin and titrate 
with the 0.1 N sodium hydroxide solution until the pink colour stops disap- 
pearing (b ml). 

Calculate the amount of boric acid from the difference between the volume 
of the 0.4 N sodium hydroxide solution (b) and that of the 0.4 N hydrochloric 
acid solution (a) divided by two (6 — a/2) ml. One millilitre of the 0.1 N sodi- 
um hydroxide solution corresponds to 0.006 183 g of boric acid. 


Analyse the mixture: 

Boric acid, 0.2 ¢g 

Resorcin (resorcinol), 0.1 g 

0.25% Zine sulphate solution, 10 ml 
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4. Write the prescription in Latin. 

2. Perform identification reactions. 

Zine ion. To two or three drops of the mixture add two or three drops of 
a potassium hexacyanoferrate(II) solution. A white curdy precipitate should 
form that does not dissolve in dilute hydrochloric acid. 

Sulphate ion. To three-five drops of the mixture add two or three drops of 
a barium chloride solution. A white precipitate insoluble in diluted acids 
should form. 

Borie acid. Evaporate three-five drops of the mixture in a porcelain bowl 
in a water bath until dry. Add 0.5 ml of 95% alchohol to the residue and ignite 
it. The solution should burn with a flame having a green fringe. 

Resorein. To four or five drops of the mixture add one drop of an iron(IJI) 
chloride solution. A violet colour should appear that turns brownish yellow 
when a few drops of an ammonia solution are added. 

3. Conduct a quantitative analysis. 

Zine sulphate. To 1 ml of the mixture add 2 ml of an ammonia butfer solu- 
tion, 0.02 g of the indicator Acid Chrom Black Special and titrate with 
a 0.01 M Na-EDTA solution until a blue colour appears. One millilitre of the 
0.01 M Na-EDTA solution corresponds to 0.002 876 g of zinc sulphate. 

Borie acid. To 0.5 ml of the mixture add§8-12 drops of a potassium hexa- 
cyanoferrate(III) solution, and 2 ml of glycerin neutralized with a 0.1 N sodium. 
hydroxide solution using phenolphthalein as an indicator. Titrate while agitat- 
ing with the 0.4 N sodium hydroxide solution until a pink colour appears. 
Next add another 2 ml of the neutralized glycerin and if the colour disappears, 
continue titration with the 0.4 N sodium hydroxide solution until the pink 
colour stops disappearing after the neutralized glycerin is added. One milli- 
‘itre of the 0.1 N sodium hydroxide solution corresponds to 0.006 183 ¢ of boric 
acid. 
Resorcin. Put 1 ml of the mixture into a 10-ml measuring cylinder and' 
bring the volume of the solution up to the mark by adding water (solution A). 
Put 2 ml of solution A into a test tube with a stopper, add 2 ml of a0N.1 N 
potassium bromate solution, 0.05 g of potassium iodide, 2 ml of dilute sulphur- 
ic acid, mix the ingredients, and let the mixture stand in a dark spot for 
five minutes. Next add 0.2 g of potassium iodide and 2 ml of chloroform to the 
mixture, and titrate the evolved iodine with a 0.4 N sodium thiosulphate- 
solution with agitation until the colour vanishes. 

Simultaneously perform a control test. One millilitre of the 0.4 NV potassium 
bromate solution corresponds to 0.001 835 g of resorcin. 

4. Compile the formulas needed for calculations and evaluate the required. 
quantities. 

5. Write the equations of the chemical reactions. 


Analyse the mixture: 

Riboflavin, 0.002 g¢g 

Thiamine bromide, 0.03 ¢ 

Ascorbic acid, 0.02 g 

Potassium iodide, 0.2 g 

Boric acid, 0.2 

2% glucose solution, 10 ml 

1. Write the prescription in Latin. 

2. Perform identification reactions. 

Ascorbic acid. To one or two drops of the mixture add one drop each of 
a solution of potassium hexacyanoferrate(III) and iron(III) chloride. A blue 
colour should appear. 

Iodide ion. To four or five drops of the mixture add one or two drops of 
a lead acetate solution. A yellow colour should appear. 

Boric acid. Evaporate three-five drops of the mixture in a bowl in a water: 
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bath until dry. Add 0.5 ml of alcohol to the residue and ignite it. The alcohol 
solution should burn with a flame having a green fringe. 

GJucose. (a) To one or two drops of the mixture add 0.01 g of thymol, and 
five or six drops of concentrated sulphuric acid. A red colour should appear 
that becomes stronger with slight heating; — 

(b) to one or two drops of the mixture add 0.5 ml of Fehling’s reagent and 
heat the mixture; a red-orange precipitate should form. 

Thiamine bromide. Determine it according to its specific odour. 

Riboflavin. Detect it according to the characteristic yellow-green colour 
of the solution with a yellow fluorescence in the near-wall and surface layers. 

3. Conduct a quantitative analysis. 

Aseorbie acid. To 2 ml of the mixture add six or seven drops of a starch 
solution and titrate with a 0.1 N iodine solution until a blue colour appears 
(6 ml). One millilitre of the 0.4 N iodine solution corresponds to 0.088 06 g of 
ascorbic acid. 

Potassium iodide. To 0.5 ml of the mixture add four drops of dilute sulphuric 
acid and 0.04 g of urea. Next add slowly, dropwise, 1 ml of a 0.4 M sodium 
nitrite solution with agitation. Agitate the reaction mixture for seven or eight 
minutes up to complete evolution of the nitrogen oxides. Next add 0.4 g of 
potassium iodide to dissolve the evolving iodine and titrate with a 0.1 V sodium 
thiosulphate solution until the colour disappears (at the end of, titration add 
two or three drops of a starch solution) (d ml). 

Simultaneously run a control test (d, ml). One millilitre of a 0.4 NV sodium 
thiosulphate solution corresponds to 0.0166 g of}potassium iodide. Compile 
the formulas for the calculations and evaluate the required quantities. 

Ascorbic acid, boric acid, thiamine bromide. To 0.5 ml of the mixture add 
2-3 ml of glycerin preliminarily neutralized using phenolphthalein as an indi- 
cator, and titrate with a 0.4 N sodium hydroxide solution up to an orange- 
pink colour. Next add another 2-3 ml of neutralized glycerin to the solution, 
and if the orange-pink colour disappears, continue titration until the solution 
acquires an orange-pink colour (a ml). Determine the sum of potassium iodide 
and thiaminepbromide in the titrated liquid. 

Potassium iodide and thiamine bromide. To the titrated liquid add 1 mi 
of dilute nitric acid, six or seven drops of a solution of iron(III) ammonium 
sulphate, 0.2 ml of a 0.02 N ammonium thiocyanide solution (f ml), and titrate 
with a 0.02 N silver nitrate solution until the orange colour turns yellow 
(e ml). 

Calculate the sum of the thiamine bromide and potassium iodide from the 
difference between the volume of the 0.02 N silver nitrate solution (c) and 
0.2 ml (f), i.e. the volume of the ammonium thiocyanide solution (¢ — f). Cal- 
culate the amount of thiamine bromide from the difference between the volume 
of the 0.02 N silver nitrate solution used for the sum of the thiamine bromide 
and potassium iodide, and the volume of the 0.02 N sodium thiosulphate solu- 
tion used to titrate the potassium iodide: 


e=(c—f) —(d—a)X5 ml. 


One millilitre of the 0.02 N silver nitrate solution corresponds to 0.004 352 pg 
of thiamine bromide. 

Note: We multiply (d — a) ml by 5 because the concentration of the 0.1 N 
sodium thiosulphate solution is higher than that of the 0.02 N silver nitrate 
solution five times. 

4. Calculate the content of boric acid in grammes by the following formula 


y — le—bl (2 x 2)—e x 2/5] X 0.006 183 x 10 
7 0.5 
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where a is the volume of the 0.4 N sodium hydroxide solution used for the 
titration of the sum of ascorbic and boric acids and thiamine bromide, ml, 
and 5/(2 X 2) is the volume of the 0.4 N sodium hydroxide solution used for 
titration of the ascorbic acid, ml. 

Notes: (a) b ml is divided by 2 because the mass of the sample used in deter- 
mining the ascorbic acid is double that used in determining the sum of the 
ascorbic and boric acids and thiamine bromide, and e X 2/5 is the volume 
of the 0. N sodium hydroxide solution used to titrate the thiamine  bro- 
mide, ml; 

(b) e ml is divided by 5 because the concentration of the 0.02 N silver nitrate 
solution is five times lower than that of the 0.4 N sodium hydroxide solution; 
e ml is multiplied by 2 because the volume of the 0.1 V sodium hydroxide solu- 
tion used for the titration of the thiamine bromide is half the volume of the 
0.4 N silver nitrate solution. One millilitre of the 0.4 N sodium hydroxide 
solution corresponds to 0.006 183 g of boric acid. 

Glucose. Use a refractometer to determine the refractive index of the analyte 
solution and then the quantitative content of glucose in per cent by the formula 


__ (1 — No) — (FC, + Foot F3l3 + F4Cq) X 100 
F Xx 100 


where n is the refractive index of the analyte solution, mn, is the same of water 
(1.333), F, Fy, Fo, Fs, Fg are refractive index growth factors for the solutions 
of glucose (F = 0.001 42), ascorbic acid (F, = 0.0016), thiamine bromide 
(F, = 0.002), potassium iodide (F, = 0.0013), and boric acid (F4y = 0.90063), 
respectively, C,, Cy, C3, C, are the concentrations of the solutions of ascorbic 
acid, thiamine bromide, potassium iodide, and boric acid, respectively, found 
by a chemical procedure and expressed in per cent. 

5. Write the equations of the chemical reactions. 

6. Conclude whether the eye drops may be dispensed. 

The analysis should be performed during six hours. 

The prescription is chosen and the time for analysis of the mixture is deter- 
mined by the instructor. 
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TABLE IIIB. Refractive Indices of Solutions for Various Weight-Volume 


Refractive 
index n 
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TABLE IIIB (continued) 


Concentration of solutions, % 


Refractive 

20 ssi assium lei Ascorbi Codeine | Caffeine and 

index 7p petide *Shloride shioride ac ° phosphate sodium ben- 
4.3850 47.75 
1.3860 48.75 
1.3870 49 .80) 
1.3880 50.85 
1.3890 51.89 
4.3900 52.90 
1.3910 53.85 
4.3920 59.00 
4.3930 56.05 
1.3940 57.07 
1.3950 58.10 
4.3960 59.10 
4.3970 60.40 
4.3980 61.13 

Concentratiou of solutions, % 

Refractive MI Sod h 

agnesi- odium hy- 
index "py | um sul- | guibhate | benzoate | bromide | drogen carbo-| “Qaige 

phate nate 

1.3340 4.05 0.91 0.45 0.75 0.80 0.74 
4.3350 2.09 4.68 (1).92 1.50 1.60 1.44 
1.3360 3.10 2.64 1.39 2.26 2.40 2.10 
1.3370 4.13 3.51 1.86 3.00 3.20 2.80) 
1.3380 5.15 4.39 2.35 3.74 4.00 3.49 
4.3390 6.20 2.31 2.81 4.50 4.80 4.20 
1.3400 7.35 6.49 3.26 9.24 9.60 4.80) 
1.3410 8.45 7.14 3.72 6.00 6.40 5.58 
1.3420) 9.65 8.04 4.18 6.76 7.20 6.27 
{ 3430 40.75 8.89 4.63 7.04 8.00 6.96 
1.3440 11.80 9.82 5.07 3.32 8.80 7.65 
1.3450 12.99 10.74 D.0d 9 .06 9 .60 8.35 
4.3460 14.05 41.64 6.00 9.81 40.40 9.04 
1.3470 45.22 12.90 6.48 40.57 9.74 
1.3480 16.34 13.40 6 .95 44.32 40.44 
1.3490 17.90 14.30 7.44 12.09 11.45 
1.3500 48.70 7.88 12.88 114.85 
1.3510 19.90 8.35 43 .67 42.55 
1.3520 21.10 8.83 14.46 13.26 
1.3530 22.40 9 .3U 15.25 13.97 
1.3540 23.49 9.77 16.03 14 .67 
4.3550 24.70 10.24 16.81 15.37 
4.3560 20.80 A074 47 .60 16.05 
4.3570 27.10 14.19 18.38 16.75 
1.3580 28.40 11.66 19.16 17.45 
1.3590 29.50 12.14 19.96 18.15 
1.3600 30.75 12.63 20.77 18.85 
1.3610 32.00 13.10 24.55 19.58 
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TABLE IIIB (continued) 


Concentration of solutions, % 


Refract 0 Magnesi Sodium hy Sod 
. agnesi- i - ium 
index ny) | ‘unt sul” | guighate | nenzoate | bromide |@Togen carbo- | “Iodide 
1.3620 33.395 13.58 22.30 20 .28 
1.3630 34 .66 14.06 23.15 
4.3640 39 .90 14.53 23.96 
1.3650 37.24 195.01 24.76 
1.3660 38.60 15.50 25.42 
1.3670 39.90 15.98 
1.3680 41.25 16.47 
1.3690 42.63 16.95 
4.3700 43 .95 17.42 
1.3710 45,30 17.92 
1.3720 46 .64 18.43 
1.3730 47 .96 18.914 
1.3740 49 .34 19.40 
4.3750 50.70 49.88 
1.3760 52.00 20 .37 
1.3770 20.86 
4.3780 21.35 
4.3790 21.85 
4.3800 22.34 
4.3840 22.03 
1.3820 23.32 
4.3830 23 .82 
1.3840 24.32 
1.3850 24.84 
1.3860 20.30 
Concentration of solutions, % 
Refractive Sodium nor- | Sergosin Sulphacyl 
index n sulphazole | (methio- | (sulphaceta- |Formalde-| Chlorai | Epbedrine 
D (sulphathia- al mide) hyde hydrate hydro- 
zole) sodium) sodium chloride 
1.3340 0.50 1.09 0.50 0,92 0.99 0.50 
1.3350 1.14 2.40 4.00 1.83 1.80 4.00 
4.3360 1.70 3.40 1.60 2.14 2.65 1.50 
1.3370 2.29 4.15 2.40 3.64 3.50 2,00 
1.3380 2.87 9.49 2.60 4.54 4.35 2.00 
4.3390 3.41 6.45 3.40 D.44 Dao 3.00 
1.3400 4.04 7.20 3.60 6.34 6.15 3.50 
1.3410 4.08 8.20 4.10 7.23 7.00 4.00 
4.3420 ».46 9.20 4.60 8.42 7.90 4.90 
1.3430 o./1 10.30 2.10 9.04 8.80 5 00 
1.3440 6.36 11 .30 o .60 9.94 9.70 2.00 
1.3450 6.87 12.30 6.10 10 .80 40.60 6 00 
1.3460 7.40 13.35 6 .60 11.68 14.50 §.50 
1.3470 8.00 14.40 7 10 12.55 12.40 7.00 
1.3480 8.55 19.49 7.60 43.43 43.30 7.00 
1.3490 9.23 46.50 8.40 14.30 14.15 8.00 
1.3500 9.77 17.90 8.60) 15.17 15.00 8.50 
1.35910 10.33 18.50 9.10 16.05 45.90 9.00 
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TABLE IIIB (concluded) 
Concentration of solutions, %s 


Refractive Sodium nor- | Sergosin Sulphacyl 
index nop sulphazole (methio- | (sulphaceta- {| Formalde-| Chloral edo 


ia- a ide ra 
(sulpete). sodiain) sodium nyde hydrate chloride 
1.3920 19.50 9 .60 16.90 16 .80 9.50 
1.3930 20.95 40.10 47.77 17.70 40.00 
1.3540 241.60 10.60 18.63 18.60 10.50 
1.3550 22 .65 14.10 19.49 49 .50 
4.3560 23.70 11.60 20 .34 20 .40 
1.3970 24.70) 12.10 21 .A9 21.30 
1.3580 20.79 42.60 22.05 22.20) 
1.3990 26 .80 13.10 22.90 23 410 
4.3600 27.85 13.60 23.74 24 .00 
1.3610 28 .90 14.40 24.58 24.85 
4.3620 30.00 14.60 20.41 25.75 
4.3630 31 .00 15.10 26 .20 26 .60 
1.3640 32.00 45.60 27 .09 27 .60 
4 .3650 39 .00 16.40 27 .93 28 .40 
4.3660 34.20) 46.60 28 .76 29.30 
4.3670 39.20 17.410 29.53 30.20 
1.3680 36.20 17.60 30.45 
1.3690 37 .30 18.10 31.24 
1.3700 38 .30 18.60 32 .08 
1.3710 39.40 19.10 32.90 
4.3720 40.50 19.60 33.70 
1.3730 41.50 20.40 34.50 
4.3740 42.50 20.60 35.30 
1.3750 43.50 21.10 36.10 
4.3760 44 50 24.60 36 .92 
4.3770 45.70 22.10 37.79 
1.3780 46.80 22 .60 38.55 
1.3790 47 .80 23.10 39 .36 
4.3800 48 .90 23 .60 40 .46 
4.3810 50.00 24.10 
4.3820 01 .00 24 .60 
1.3830 52.00 20.10 
1.3840 29,60 
1.3890 26 .10 
1.3860 26 .60 
1.3870 27 40 
1.3880 27.60 
4.3890 28.10 
1.3900 28 . 60 
4.3910 29.10 
1.3920 29 .60 
4.3930 30 .40 
1.3940 30.60 
4.3950 341.10 
1.3960 31 .60 
1.3970 32.10 
1.3980 32 . 60 
1.3990 33 40 


Note. To find the content of formalin in a solution in per cent, multiply the content of 
formaldehyde found in the table by the factor 2.7. The latter has been determined with a 
view to the average (37%) content of formaldehyde in the preparation, 


-Absorptivity, 48 
Acetarzol, 277 
Acetphenarsine, 277 
Acetylation, 985 
Acetylsalicylic acid, 231f 
Adrenaline, 7 ff 
hydrogen tartrate, 268ff 
Agents, complexing, 25ff 
Alchemy, 14 
Alcohols, 161tff 
Aldehyde BTOUD 149f, 166 
Aldehydes, 166ff 
Alkaloids, 327ff 
Amalgams, 121 
Amethocaine, 262 
Amidofebrin, 302 
Amidofen, 302 
Amidophenazone, 299 
Amidopyrine, 299, 300, 302ff, 325 
Aminalon, 186ff 
Aminazine, 318, 320f 
Amines, aromatic, 449 
Aminocaproic acid, refractive index, 461 
Aminophylline, 365 
Amizil, 438 
Ammonia, detection, 81 
Amo barbital, 139, 207, 210 
Ampicillin, 420 
Amy! nitrate, 195 
Analgesine, 300 
Analgin, 299, 300, 304ff 
Analysis, 
express, 37ff 
optical methods, 4AOff 
photoelectric, 50 
requirements to, 40 
Anesthesin, 148, 258, 259f 
Anginin, 443 
Antibiotics, 239, 409ff 
Antidote(s), 89, 95, 115 
against metals, 100 
arsenic, 99f 
mereury, 127 
Antifebrin, 233 
Antipyrine, 299, 300ff 
Antivitamins, 382f, 386, 396f, 403, 497 
Apomorphine, 33 
hydrochloride, 345f 
Argentometry, 70f, 160 
Arsenous anhydride, 96f 
Ascorbic acid, 377ff 
antagonists, 382f 
antivitamins, 382f 
Asparkam, 434 
Atropine, 332, 334 
sulphate, 335f 


Index 


Auxochromes, 49 
Azochlorzine, 450 


Back-titration, 29 
Barbamyl, 139, 207, 209, 210, 211 
Barbital, 207, 210, O41 
sodium, 207, 211 
Barbitone, 207 
Barbiturates, 206ff 
Barbituric acid, 205f 
Barium sulphate, 116ff 
Base(s), 
definition, 30ff 
nitrogeneous, quantitative 
tion, 57 
Schiff, 148f 
Bemegride, 21 2ff 
Bencaine, 436 
Benzhydramine, 192 
Benzocaine, 148, 258 
Benzoic acid, 224f 
Benzy! nicotinate, 437 
Benzylpenicillin, 443, 414f 
Bepask, 266f 
Blue, Turnbull’ s, 136 
Borax, 107ff 
Boric acid, 103f, 106f 
Bromates, detection, 70 
Bromatometry, 221, 248 
Bromeval, 202 
Bromides, 68f, 106f 
Bromisoval, 143, 202ff 
Bromocamphor, 292 
Bromurea, 202 
Bromvaleton, 202 
Brufen, 434f 
Butadion, 299, 300, 306ff 


Caffeine, 357, 358f, 361, 362f 
Caffeine and ‘sodium benzoate, 363f 
Calciferols, 387ff 
Calcium, 
benzamido salicylate, 266 
chioride, 113ff 
gluconate, 179 
lactate, 179, 180 
Camphor, 288 
Carbonyl group, 140, 166 
Carboxyl group, 140f, 144, 145ff 
Carotenes, 384 
Carotenoids, 384 
Chemotherapy, 237 
Chinocide, 314 
Chinosal, 314, 3415 


determina- 
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Chloral hydrate, 149, 167, 176f 
Chloramphenicol, 425f 
Chlordiazepoxide, 451 
Chlorides, 68ff 
Chlornidine, 446 
Chloroethane, 152 
Chloroform, 152, 153ff 
for narcosis, 155 
preservative, 157 
properties, 157 
Chloroquine diphosphate, 314 
Chlorpromazine, 320 
Chlothazole, 442 
Chlozepksid, 451 
Gholecalciferol, 389 
Cholesterol, 387f 
Chromophores, 49 
Chromatography, 53ff 
column, 55 
gas, 57 
gas-liquid, 57f 
ion-exchange, 55ff 
liquid, 58 
thin-layer, 53ff 
Ciminal, 167 
Cinchocaine, 314 
Cinchonidine, 338 
Cinchonine, 338 
Citral, 149, 167 
Clioquinol, 314 
Clofelin, 446 
Clonidine, 446 
Cobalamines, 404ff 
Cocaine, 257f 
shortcomings, 257 
Cocarboxylase, 395 
Codeine, 332, 341, 346ff 
phosphate, 
Co-enzymes, 376 
Colorimetry, 50 
Complamin, 448 
Complexometry, 180 
Complexons, 26 
Compounds, 
arsenic, 95ff, 276 
organic, 276ff 
barium, i116ff 
boron, 103ff 
calcium, 113ff 
copper, 131 
heterocyclic, 298ff, 440ff 


hydrocarbon, derivatives, see Deriva- 
tives 

iron, 135f 

magnesium, 110ff 


mercury, 120ff 
nitrogen, 91ff 
organic, 137ff 
analysis features, 142ff 
classification, 144 | 
derivatives, see Derivatives 
functional groups, 144f 
mineralization, 1443 
sources, 138ff 
unsaturated, 138 
organo-elemental, 275ff 
oxygen, 76ff 
silver, 131 
sulphur, 86ff 
zinc, 1i18ff 
Copper sulphate, 131 
Cordiamin, 309, 310ff 
Curcumin, 104f 
paper, 105 
Cyanides, detection, 70 
Cyanocobalamin, 406ff 


Index 


Derivatives, 
alicyclic series, 429ff 
amino, 257ff, 267ff 
aminoglycoside, 420ff 
aromatic, 233ff, 425ff, 440 
barbituric acid, 206ff 
1,4-benzdiazepine, 45if 
benzylisoquinoline, 340f 
carboxylic acid, 434ff 
chromone, 447f 
furan, 294ff, 440f 
halogen, 152 
heterocyclic, 412ff 
hydrocarbon, see Derivatives 
hydroxymethylpyridine, 391 ff 
imidazole, 354ff, 446f 
imidazoline, 446f 
indole, 351, 445 
isoquinoline, 340ff 
phenanthroneisoquinoline, 341f 
phenol, 438f 
phenothiazine, 318ff, 4409ff 
piperidine, 312ff, 442if 
purine, 356ff, 448 
pyrazol, 299ff 
pyrazolidine, 441 
pyridine, 309, 442ff 
pyrimidine-thiazole, 393ff 
quinclidine, 444f 
quinoline, 314ff,¥ 337ff 
thiazole, 442 
tropane, 33éff 
Diazepam, 452 
Dibunol, 439 
Dicaine, 258, 262f 
Diethylamide, 310ff 
2-Diethylaminoethyl benzoate, 436 
Dihydroxybenzoic acid, 436 
Diiodothyrosine, 143 
Dimedrol, 192 
Dimenoxadol, 437 
Diphebuzol, 306 
Diphenhydramine, 192 
Diprazine, 318, 320,,321f 
Dipyrone, 305 
DL-chloramphenicol, 427 
Drug(s) 
activity units, 58, 417 
analysis, 
chemical, 24, 25ff 
physical, 24. 
physicochemical, 24f, 40ff 
chemiotherapeutic, 237 
classification, 19 
contamination, 21 
cholinolytic, 336, 337 
groups, 198 
halogen compounds, 6if 
inorganic, 18 
mydriatic, 336,337 
quality, 21 ff 
raw materials, 18f 
spasmolytic, 336, 341, 365, 438 
storage conditions, 21if 
Suiphanilamide, 236ff 


Edetate, sodium-calcium, 26 

Elenium, 451 

Emetic, 346 

Enteroseptol, 314 

Ephedrine, 267, 273 
hydrochloride, 272f 

Epinephrine, 267f 

Epsom salts, 111 


Indez 


Ergosterol, 387f 
Erichrome Black T, 28 
Bsters, 188f, i94f 
identification, 194f | 
quantitative determination, 195 
Esthocine, 437 
Estocin, 437 
Ethaminal sodium, 207, 209, 210, 2114 
Ethanol, 163, see also Ethyl! alcohol 
Ethazole, 239, 246 
Ether(s), 188ff 
medical, 190ff 
mixed, 189 
morphine, 346ff 
for narcosis, 19if 
Ethimizole, 447 
Ethocaine, 260 
Ethoform, 259 
Ethyl alcohol, 163ff 
Ethyl! chloride, 152 
Ethylmorphine hydrochloride, 332, 346, 350f 
Etilefrine, 438f 
Etmozine, 449 
Buphylline, 365 
Exchangers, lon, 56 
Expectorant, 288, 346 


Fentamyl, 443f 
Fentolamine, 446 
Ferramide, 443 
Flavins, 400 
Fluacizine, 450f 
Fluorescence, 46f 
Fluorometer, 47 
Fluorometry, 46f 
Formaldehyde, 

solution, i71ff, see also Formalin 
Formalin, 149, 167, 171, 174 
Ftoracizine, 450f 
Ftorotan, 143, 152, 158f 
Fungicide, 228 
Furacilin, 295, 297, 298f 
Furadonin, 295, 297 
Furagin, 296, 4414 
Furaxone, 440f 
Furazidin, 441 
Furazolidone, 297, 440f 


GABA, 186 
Gammalon, 1886 
Glucose, 149, 167 
Glutamic acid, 184 
Glutaminic acid, 184ff 
Glyceryltrinitrate, 196 
Gravimetry, 331 


Haemostatic, 115, 135 
Halides, 

production, 66 

purity requirements, 69f 
Halogens, 61ff 
Halothane, 152, 158 
Hemiton, 446 
Hexamethylenetetramine, 171, 
Hexamidine, 
Hexamine, i174 
Hexenal, 206, 207, 209, 210, 214 
Hexobarbital, 206, 207, 210 
Hydrocortisone, infrared spectrum, 49 
Hydrogen chloride, 62f 
Hydrogen peroxide, 81ff 
Hydroxyl group, introduction 

stances, 146 


174f 


into sub- 
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Hyoscyamine, 334 
Hypotensor, 352, 353 


Iatrochemistry, 14 

Ibubrufen, 434f 

Imequin, 444 

Index, refractive, 41, 461ff 
determination, 4if 
factors, 461 ff 

Indicators, 28f 

Intensain, 447f 

Intercordin, 447f 

Jodates, detection, 70 

Iodides, 66ff 

Iodimetry, 85, 173, 302, 382, 416f 

Iodine, 71 ff 

Iodoform, 152, 153, 159ff 

Isodrin, 439 

Isomerism, optical, 139 

Isoprenaline, 439 


Lacrimators, 139 

Levarterenol, 269 

Levomycetin, 425, 427ff 
stearate, 429 

Lime, chorinated, 64f 


Magnesium sulphate, iliff 
Menthol, 283f 
Mephenamilc acid, 435 
Meprobromate, 200 
Meprotan, 200ff 
Mercury, 
amidochloride, 
dichloride, 121ff 
single dose, 124 
Mesaton, 271f 
Metals, alkali, 130 
salts, 130f 
Methenamine, 171, 174 
Methiodal sodium, refractive index, 465f 
Method (s), 
Mohr, 70f 
Skraup, 314f 
titration, complexometric, 25ff 
Methylcyclobarbital, 207 
Meticillin, 420 
Microburette, 39f 
Monoterpenes, 282f 
Moracizine, 449 
Morphine, 332, 341 
hydrochloride, 342 
Murexide, 28 
Myarsenol, 279, 281f 


125f 


Na-EDTA, 26ff 
Naftizin, 447 
Naphazoline, 447 
Neoarsphenamine, 279 
Neosalvarsan, 276 
Neuroleptics, 318, 323 
Neutralization, 331, 367 
Nialamide, 442 
Nicotinic acid, 309 
Nifuron, 296 

Nigeksin, 448 
Nikethamide, 309 
Nitrates, detection, 70 
Nitrofural, 298 
Nitrofurans, 294ff 
Nitrofurantoin, 295 
Nitrofurazone, 295 


AM nde 


Nitrogen oxides, in oxygen, 78 Polarimetry, 43ff 
Nitroglycerin, 196£  — Polarography, 53 
Nitro group, Introduction into substance, 141 Potassium, 
Nitrometry, 235f, 247 ; acetate, 179 
Nitroso group, introduction into substance, bromide, 65f 

141 chloride, 65 
Nitrous oxide, 92f iodide, 66 
Nitroxoline, 314, 317 ion, detection, 67f 
o-NOK, 314, 317 magnesium aspartate, 65, 434 
Nonachlazine, 450 Potentiometry, 52f 
Noradrenaline, 269f Principle, Nentsy’s salo], 229 
Norepinephrine, 269 Procaine, 142, 258, 260 
Norsulphazol, 239, 246, 250f Procalmadiol, 200 

sodium, 251 Promedol, 312ff 
Novaminsulphon, 299, 305 Promethazine hydrochloride, 320, 321 
Novarsenol, 279ff Prontozyl, 237 
Novocaine, 142, 258, 260ff Provitamins, 376, 384, 388 
Novodrin, 439 Pyracetam, 441 
Nuredal, 442 Pyridinal carbamate, 443 

Pyridoxal, 
Opium, 341f yridoxamine, 391 
Pyridoxine, 3914 

Osarsol, edit hydrochloride, 392f 


Oxacillin, 420 
: Pyridoxol, 394 
Oxygen, 76ff 78t Pyrizadole, 445 


1; 
Oxvtetracrsline o-Pyrocatechuic acid, 436 


dehydrate, 432f 
hydrochloride, 432f Quingamine, 314 
Quinine, see 
uinine, 
Panangin, 69, 434 Fk: dihydrochloride, 338f 


Papaverine, 332 ( 
hydrochloride. 340f hydrochloride, 338f 


Para-aminosalicylic acid (PASA), 263ff sulphate, 339 
Paraform, 172. Quinocide, 314 
Parmidine, 443 Quinosol, 314, 315ff 
PAS-Na, 263ff 


Penicillins, 410, 412ff Raunatine, 353 

activity units, 417 Reaction(s), see aiso Test 

phenoxymethyl, 413, 415 alkaloid precipitation, 330f 

semisynthetic, 418ff arsenic detection, 100ff 
Penthiobarbital, 206 colour, alkaloid, 331 
Pentobarbital sodium, 207 Kucherov, i63f 
Pentymal, 207 protolysis, 32 
Perhydrol, 82, 86 silver mirror formation, 132f 
Permanganatometry, 85, 136 Vitali’s, 335, 386 
Pharmacopoeia, 20f Reagent, 

international, 20 Bouchardat’s, 330 
Phenacetin, 233ff Denigé’s, 403 
Phenazepam, 452 Dragendorff’s, 330 
Phenazone, 299, 300 Erdmann’s, 331 
Phencarol, 444f Fehling’s, 150 
Phenemal, 207 Froehde’s, 331, 353 
Phenibut, 435 Lugol’s, 330 
Phenicaberan, 441 Marchi’s, 331, 341, 843 
Phenobarbital, 206, 207, 210, 211 Mayer’s, 330, 362 
Phenobarbitone, 207 Nessler’s, 123 
Phenols, 216ff Scheibler’s, 330 
Phentamyl, 443f Sonnenschein’s, 330 
Phentolamine, 446 Waener’s, 330 
Phenylbutazone, 299 Refractometer, 41ff 
Phenylephrine, 271 Refractometry, 40ff, 85f 
Phenyl salicylate, 188f, 229 Reserpine, 351 ff 
Phethanol, 438f Resorcinol, 219ff 
Photocolorimetry, 50, 197 Retinol(s), 383ff 
Photoelectrocolorimeter, 50ff acetate, 383f 
Photometry, 47ff antivitamins, 386 
Phthalazole, 239, 245, 246, 252f Riboflavine, 400ff 
Phthalyl sulphathiazole, 230, 246,° 252 Rongalite, 280 
Phthazine, 240, 245, 440 Rotation, specific, 44 


Pilocarpine, 332 
hydrochloride, 354ff 


Piracetam, 441i Salicylic acid, 227f 

Plasmocid, 314 Salnabrom, 367. 

Poisoning, arsenic, 99f Salts, quantitative determination, 56f 
Polarimeter, 44ff Salvarsan, 276, 279 


rotary, 45 Sanorin, 447 


Index 
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Scopolamine hydrobromide, 336f 
Sedatives, 168 
Seduxen, 452 
Sergosin, refractive index, 465f 
Sibazone, 452 
Silver nitrate, 13/1 ff 
Sodium, 
acid citrate, 182 
arsenate, 98f 
benzoate, 225 
bromide, 65f 
calcium edetate, 127 
chloride, 65f 
citrate, 179, 181f 
iodide, 66 
ion, detection, 67 
salicylate, 228f 
tetraborate, 107ff 
thiosulphate, 86ff 
Solafur, 296 
Solution, 
Fowler’s, 95 
isotonic, 65 


Lugol's, 74 
standard, 22 
Solvents, 


amphiprotic, 35 

amphoteric, 35 

aprotic, 35 

indifferent, 35 

non-aqueous, 33 
Sovcaine, 31414 
Spectroscopy, 47f 
spectrum, absorption, 48 

infrared, 49 
Sterols, 387ff 
Stimulators, 292, 309, 363, 367 
Streptocid, 238, 246, 248f 

red, 237 

soluble, 245, 249f 

white, 238 
Streptomycin(s), 405, 420ff 

sulphate, 423f 
Substances, | 

amphoteric, 32 

dextrorotatory, 43 

fluorescence, 46f 

levorotatory, 43 

optically active, 43 
Sulgin, 239, 246 
Sulphacarbamide, 239, 246 
Sulphacetamide, 238, 247 

sodium, 250 
Sulphachrysoidine, 237, 238 
Sulphacyl, 238, 247 

sodium, 250 
Sulphadimethoxine, 240, 253 
Sulphadimezine, 239, 247, 251 
Sulphadimidine, 239, 251 
Sulphaethidole, 239, 247 
Sulphaguanidine, 239, 246 
Sulphalene, 240f, 253f 
Sulphamethazine, 239, 251 
Sulphanilamide, 238, 248 

drugs, 236ff 
Sulphapyridazine, 240, 440 
Sulpharsphenamine, 279, 281 
Sulphate ion, detection, 112 
Sulphathiazole, 239, 246 

sodium, 251 
Sulphaurea, 239 
Sulphomonomethoxine, 240 
Sulphur, precipitated, 86 
Sustac, 197 
Synthesis, Traube’s, 357ff 
Synthomycin, 427 


Temechine, 444 
Temequin, 444 
Terpenes, 282ff 
Terpin hydrate, 286ff 
Test, 
Bougeau and Thiele, 101 
Gutzeit, 1014 
Legal’s, 356 
murexide, 360f 
Tetacin-calcium, 26 
Tetracaine, 258, 262 
Tetracycline(s), 429ff 
hydrochloride, 433 
Tetramycin, 422f 
Themisal, 367ff 
Theobromine, 357, 358ff, 366f 
sodium salicylate, 367 
Theobromsal, 367 
Theophylline, 357, 358ff, 364f 
Thiamine, 393ff 
bromide, 397f 
chloride, 399 
diphosphate (TDP), 395 
Thiarsphenamine, 281 
Thiopental sodium, 206 
Thiopentone, 206 
Thiophyllamine, 365 
Titration, . 
acid-base, in non-aqueous media, 
complexometric, 25ff 
salts, 36 
weak acids, 36f 
weak bases, 35f 
Trifluoperazine hydrochloride, 322 
Triftazine, 318, 
Trimeperidine hydrochloride, 312f 
Trinitroglycerin, 196 
Triphthazine, see}, Triftazine 


Units, activity, 58 
penicillins, 417 
Ureides, 199f, 205ff 
Urethanes, 198ff 
Urosulphan, 239, 246 
Urotropin, 174 


Validol, 285f 
Vitamins, 37 Off 


A, 383 
Ao, 385f 
Aa, 386 


alicyclic series, 383ff 
aliphatic series, 377ff 
Bi, ff 


D 

De, 389 

heterocyclic series, 391 ff 

isoalloxazine series, 400ff 
Vitriol, white, 149 


Water, distilled, 74ff 
Xantinol] nicotinate, 448 
Zinc, 


oxide, 120 
sulphate, 119f 
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